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THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 


• Initiate phone calls from your HT or mobile 

• Receive incoming phone calls 
fggW' * Telephone initiated control. . . 

Operate your base station with complete control from any telephone 
Change frequencies from the controlling telephone 
Selectively call mobiles using regenerated DTfi/IF from any telephone 
^ Eavesdrop the channel from any telephone 

Use as a wire remote using ordinary dial up lines and a 
speaker phone as a control head. 


DIAL ACCESS REMOTE/INTERCONNECT - 
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Private Patch EZ 
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The new telephone initiated control 
capabilities are awesome. Imagine 
having full use and full control of 
your base station radio operating 
straight simplex or through any re¬ 
peater from any telephone! From 
your desk at the office, from a pay 
phone, from a hotel room, etc. You 
can even change the operating 
channel from the touchpad! 

Our digital VOX processor flips your 
conversation back and forth fully 
automatically. There are no buttons 
to press as in phone remote 
devices. And you are in full control 
100% of the time! 

The new digital dialtone detector 
will automatically disconnect Pri¬ 
vate Patch IV if you forget to send # 
(to remotely disconnect) before 
hanging up. This powerful feature 
will prevent embarassing lock-ups. 

The importance of telephone in¬ 
itiated control for emergency or 
disaster communications cannot be 
overstated. Private Patch IV gives 
you full use of the radio system from 
any telephone. And of course you 
have full use of the telephone 
system from any mobile or HT! 

To get the complete story on the 
powerful new Private Patch IV con¬ 
tact your dealer or CSI to receive 
your free four page brochure. 

Private Patch IV will be your most 
important investment in commun¬ 
ications. 
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✓ NEW FEATURE 

* IH Of multi digit connect/discorr 
nect 

^ Fully regenerated tone dialing 

• Pulse dialing 

• Toll protection 

• Secret toll ove rride code 

• Busy signal disconnect 
^ Dialtone disconnect 

• CW identification 

• Activity timer 

• Timeout timet 
Telephone initiated control 
Regenerated DTMF selective calling 

• Ringout 

^ Ringout or Auto Answer on 1-H rings 

• Busy channel ringout inhibit 
Status messages 
Internally squelched audio 

• MOV lightning protection 
Front panel status led s 
Separate CW ID level control 

^ 24 diD switches make all teatures 
user programmable/selectable 


■ Connects to MIC and ext. 
speaker jack on any radio. Or 
connect internally if desired. 

■ Can be connected to any HT. 
(Even those with a two wire inter¬ 
face.) 

■ Can be operated simplex, 
through a repeater from a base 
station or connected directly to 
a repeater for semi-duplex opera¬ 
tion. 

■ 20 minutes typical connect time 

■ Made in U.S.A. 


OPTIONS 

1. Vi second electronic voice delay 

2. FCC registered coupler 

3. CW ID chip 

/ 

Connect Systems Inc. 

23731 Madison St. 
Torrance CA 90505 
Phone: (213) 373-6803 
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TS-440S 


“DX-citina! 


Compact high performance HF transceiver 
with general coverage receiver 


Kenwood's advanced digital know-how 
brings Amateurs world-wide “big-rig" 
performance in a compact package. We 
call it “Digital DX-citement”-that special 
feeling you get every time you turn the 
power on! 

• Covers All Amateur bands 
General coverage receiver tunes from 
100 kHz 30 MHz Easily modilied lor 
HF MARS operation 

• Direct keyboard entry of frequency 

• All modes built-in 
USB.LSB.CW. AM, FM. 
and AFSK Mode 
selection is verified in 
Morse Code. 

• Built-in automatic 
antenna tuner 
(optional) 

Covers 80 10 meters 

• VS-1 voice synthe¬ 
sizer (optional) 


• Superior receiver dynamic range 
Kenwood DynaMix “ high sensitivity direct 
mixing system ensures true 102 dB receiver 
dynamic range (500 Hz bandwidth on 20 m) 
> 100% duty cycle transmitter 
Super efficient cooling permits continuous 
key-down for periods exceeding one hour 
RF input ( lower is rated at 200 W PEP on 
SSB, 200 W DC on CW. AFSK. FM.and 110 
W DC AM (Tfie PS-50 power supply is 
needed tor continuous duty) 



• Adjustable dial torque 

• 100 memory channels 
Frequency and mode may be stored in 
10 groups ol 10 channels each Split Ire 
quencies may be stored in 10 channels 
for repealer operation 

•TU-8 CTCSS unit (optional) 

Subtone is memorized when TU 8 is installed 

• Superb interference reduction 

IF shift, tuneable notch filter, noise blanker, 
all-mode squelch, RF attenuator. RIT/XIT. 
and optional filters fight QRM 

• MC-43S UP/DOWN mic. included 

• Computer interface port 
- m • 5 IF filter functions 

• Dual SSB IF filtering 
A built in SSB filter is 
standard. When an 
optional SSB litter 
(YK-88S or YK-88SN)is 
installed, dual filtering 
is provided 

• VOX. tull or semi 
break-in CW 

• AMTOR compatible 
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Optional accessories 

• AT 440 internal auto antenna tuner (80 m 10 m) 

• AT 250 external aula tunei (160 ni -10 rn) 

• AT-130 compact mobile antenna tuner (160 in 
10 mi • IF 232C/IC 10 level translator and modem 
1C kit • PS so heavy duty power supply • PS-430/ 

PS 30 DC power supply • SP 430 external 
speaker • MB-430 mobile mounting bracket 

• YK B8C/88CN 500 Hz/270 Hz CW litters • YK-88S/ 
88SN 2 4 kHz/18 kHz SSB filters • MC 60A/80/85 
desk imciophortes • MC 55 (8P) mobile micro, 
phone • HS 5/6/7 headphones • SP 40/50B 
mobile speakeis • MA 5/VP 1 HF 5 band mobile 
helical antenna and bumper mount • TL-922A 

2 kw PEP linear amplifier • SM 220 station monitor 

• VS I voice synthesizei • SW IOOA/2OOA/20OO 
SWR/power meters • TU-8 CTCSS lone unit 

• PG 2S extra DC cable 


Kenwood takes you 
from HF to OSCAR! 
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Help Wanted — 


Over 5 years ago, Rally Dennis was invited to Ham 
Radio for a job interview. I was immediately comfort¬ 
able upon meeting him and felt his addition to Ham 
Radio's staff would be a perfect meld of personalities 
and I was correct in my assumption. We have 
worked well together over the last few years and en 
joyed our association. Working as a team, our adver 
tising sales have been good; Rally deserves credit for 
200% of the success. Truthfully, he has forgotten 
more about ad sales than many of us will ever know 
and he is a true master at his craft. 

He has decided, however, to slow down a bit as he 
approaches his 70th birthday. Effective December 31, 
he will semi retire from Ham Radio and become an 
independent advertising sales consultant for the maga 
zine. This will allow him the best of both worlds. No 
more shows or early morning flights from Boston's 
Logan Airport no need to hurry to work every day. 
Time can be spent on his auctioneering. Game Pre 
serve Museum, and antique business. But Rally will 
stay in touch with his friends in the Amateur Radio 
business working out of our office and his home about 
five days per month. 

One project that becomes imperative is to find a new 
person to fill Rally's shoes. If you have a sales or mar 
keting background and would be interested in discuss 



Apply Within 



Photo by Phil Alix 


ing the position as advertising salesperson, please send 
us a resume and other information of interest about 
yourself. Working at Ham Radio has plenty to offer. 
The virtues of living and working in southern New 
Hampshire are almost too numerous to mention. Suf¬ 
fice to say we're not fighting traffic jams as we drive 
home at night. Centrally located to the ocean. Bos 
ton, and the mountains, Southern New Hampshire has 
something for almost everyone. 

Drop a note and your resume in the mail and we'll 
see about getting together for an interview to discuss 
this exciting opportunity. It's not too many jobs that 
require you to go to the Dayton Hamvention, all ex 
penses paid, every year! 

J. Craig Clark. Jr., N1ACH 

Assistant Publisher 
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• Complete all band, all mode 
transceiver with general 
coverage receiver. Receiver 
covers 150 kHz-30 MHz All 
modes buill-m: AM, FM.CW. FSK. 
LSB. USB. 

• Superb, human engineered 
front panel layout for the 
DX-minded or contesting 
ham Large lluorescent lube 
mam display with dimmer, diiect 
keyboard input ol Irequency. 
Ilywheel type main tuning knob 
with optical encoder mechanism 
all combine to make the TS-940S 
a |Oy to operate 

• One-touch frequency check 
(T-F SET) during split 
operations. 

• Unique LCD sub display indi¬ 
cates VFO, graphic indication 
of VBT and SSB Slope tuning, 
and time. 

• Simple one step mode chang¬ 
ing with CW announcement. 

• Other vital operating func¬ 
tions. Selectable semi or full 
break in CW (QSK). RlT/XIT. all 
mode squelch, RF attenuator, tiller 
select switch, selectable AGC 
CW variable pitch control, speech 
processoi. and RF power output 
control, programmable band 
scan or 40 channel memory scan 


HlCut 

SLOW 

TUNE 


lo-Cul 
h*-I SLOPE 
V\ tune 


Competition class 
HF transceiver 

TS-940S—the standard of 
performance by which all 
other transceivers are judged. 
Pushing the state-of-the-art 
in HF transceiver design and 
construction, no one has been 
able to match the TS-940S in 
performance, value and reli¬ 
ability. The product reviews 
glow with superlatives, and 
the field-proven performance 
shows that the TS-940S is 
“The Number One Rated HF 
Transceiver!" 

• 100% duty cycle transmitter, 
Kenwood specifies liunsmil duly 

time. The TS 940S i 
anteed to operate at full power 
output for periods exceeding 
one hour. (14 250 MHz, CW, 110 
watts.) Perfect for RTTY. SSTV. 
and other long-duration modes 

• First with a full one-year 
limited warranty 

• Extremely stable phase lock - 
ed loop (PLL) VFO Reference 
frequency accuracy is measured 
ii parts per million! 


(CW) 

Intsrtermg 

signaln 

. > (SSB) 


V (SSB) 

I \ Interfering 


Interfering 


Notch filler 


AF signal spectrum 

AF tune operation 

• The AF TUNE lunclton reduces 
interfering signals and while noise 

• This lunclton should only be used 
dunng operation in ihe CW mode 


Interfering eignel is in lh« center 
ol ihe deseed signal 


t) CW Variable Bandwidth Tuning Vary Ihe 3) SSB Slope Tuning. OpKiating in Ihe LSBand 
passband width continuously in Ihe CW FSK USB modes, this lionl panel cuntiol allows 
and AM modes without affecting the center independent.continuously vanablcad|ust 
liequency This effectively minimizes QRM merit ot the high 01 low trequency slopes ol I he 
Itom near by SSB amt CW signals IF passband Fhe LCD sub display illusliales 

2) AF Tune.I nabled with Ihe push ola button lt,e P os ' ,lon 

this CW mtetleience tighter inserts a tun 4) IF Notch Filter. The tunable notch litter 
able three pole active filtei between the SSB.' sharply attenuates interfering signals by as 
CWdemudulator and Ihe audio ainpliliei Out much as40dB As shown here.Ihe inleilenng 
ing CW QSOs Ibis contiul can he used to signal is induced while Ihe desired signal 
reduce interlenng signals and noise, ano remains unaffected Ihe notch Idler woiksm 
peaks audio Irequency tespunse lot uplimun all modes eicepl FM 
CW performance 


- 


rn - i 

_ine iahrt u 


; ■pnHHl 

t u 3 n n n U _ 

t H c L u u v - - -■ 

.. ._—— 

j.- - 

i i j J -Jr- 

ktfWiOOO .tv— 

we __ ^ gw 

— ' ~“TT Du: ** *• 

r m 


Optional accessories' 

• A! 940 lull range (160 10m) automatic 
antenna tuner • SP 940 external speakei 
with audio tillering • YG-455CT (500 Hz). 

YG 455CN 1 (250 Hz),YK-88C 1 (500 Hr-) CW 
filte rs. YK 88A 1 (6 kHz) AM filter • VS 1 voice 
synthesiser • SO-1 temperature compensated 


crystal oscillator • MC 43S UP/DOWN hand 
mic • MC-60A. MC 80. MC 85 deluxe base 
station mics. • PC TA phone patch • TL 922A 
linear amplifier • SM 220 station momtoi 
• BS-8 pan display • SW 200A and SW 2000 
SWR and power meters • IF-232C/IF-10B 
computer interlace 
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REFLECTIONS 


RETURNING THE SPECTRUM TO CHAOS...Courtesy of the FCC 


In the early years of wireless, radio communication was at best a chancy, chaotic business. Broadly-tuned spark-generated 
signals, received on primitive, unselective receivers, forced operators to wait for a break in the QRM to pass traffic or 
add their signal to the bedlam in hopes that the intended recipient would pick it up. 

In the last 80 years, improved technology and international cooperation have brought order to the radio spectrum. With 
few exceptions, millions of transmitters in different services operate harmoniously under domestic and international regu¬ 
lations on designated frequencies or bands throughout the spectrum. 

It now appears the FCC wants to turn back the clock — at least in the United States — and return much of the radio 
spectrum to its chaotic origins. In its recent Notice of Proposed Rule Making — General Docket 87-389 — the FCC pro¬ 
poses expanded use of unlicensed rf-emitting devices over most of the radio spectrum "without restriction as to band¬ 
width, duty cycle, modulation technique or application..." as long as their emissions do not exceed specified limits! 

From 1.705-30 MFIz, "Intentional Radiators" could generate signals measuring 30 /iV/meter at a distance of 30 meters 
with NO radiation limitation for non-digital "Unintentional Radiators". The change in VHF/UHF limits to 100 /tV/meter 
from 30-88 MFIz, 150 SP 6 mV/meter from 88-216 MFIz, 200 jtV/meter from 216-960 MFIz, and 500 fiV /meter above 960 
MFIz, all measured at 3 meters, is minimal. 

Radio Amateurs would need an S9 signal to break through the rf bedlam on 10 to 160 meters. Because VHF/UHF 
band (signal) limits are already high, the effect won't be as pronounced. But similar problems would eventually occur 
since this proposal encourages expanding the uses of unlicensed rf generators. Any repeater without CTCSS access might 
be keyed up continuously and the hand-held range could become severely limited. 

This eventual spectrum deterioration would affect more than the Amateur Radio community. All land mobile (police, 
fire) services, plus paging and radio-relayed telephones, would soon find themselves fighting their way through a cacaphony 
of rf noise. Even the U.S. military, AM, FM, and TV broadcasting, won't escape the havoc this proposal will bring. If 
your neighbors think your infrequent incursions into their TV viewing are a problem now, wait until they encounter prolifer¬ 
ating unlicensed rf generation! 

The proposal has some restrictions. A few narrow QRM-free slots would be reserved for radio astronomy, maritime 
distress, and navigational aids. Most VHF and UHF aircraft bands would be off limits to unlicensed operations, along 
with a couple of VHF federal land mobile bands. But for the rest of us, it'll be a problem. 

This proposal applies to "Part 15" devices — intentional radiators (unlicensed low-power transmitters) like garage door 
openers, wireless microphones, and cordless telephones, and unintentional radiators (electronic devices) like computers, 
TV receivers, cable TV equipment, and VCRs which also emit some rf radiation. Over the years, the rules governing oper¬ 
ation of these devices have been piecemeal, complex, confusing, and contradictory. This NPRM attempts to simplify 
and broaden Part 15 regulations without, the FCC believes, causing undue interference to existing services. 

The Commission announced General Docket 87-389 in September with a comment due date of December 4 — too 
late for Amateur publications to review the proposal, its band-by-band summary and errata sheets, and relay the informa¬ 
tion to their readers with enough response time. Fortunately, organizations like ARRL and ANARC (Association of North 
American Radio Clubs), a SWL/scanner-user group, realized its importance and petitioned the Commission for an exten¬ 
sion which was granted to March 7, 1988. 

To tell the FCC of your opposition, file a written comment emphasizing the certainty of crippling interference to most 
established radio services. In his Comments filed before the original deadline, George Jacobs, W3ASK, noted that the 
internationally recommended signal-to-noise ratio for shortwave broadcast reception is 27 dB. The FCC's proposed inter¬ 
ference levels would demand 672 microvolts from international broadcasters. But, Jacobs said, overseas broadcast 
signals generally run 150 to 500 /iV. Radio amateurs are now communicating with a few microvolts. 

Ask what demonstrated need there is for proliferation of such devices throughout the radio frequency spectrum. If 
a variety of frequencies for Part 15 devices is necessary, why not set aside specific frequencies or bands for them as 
was done with industrial, scientific and medical bands. 

Point out that current techniques allow excellent frequency control and easy, economical transmission of large amounts 
of data in relatively narrow bandwidths. Why then, must so much spectrum be accessible to Part 15 use? Why shouldn't 
proper shielding be required to reduce Part 15 unintentional radiation to acceptable levels? Why should the licensed users 
of the spectrum be forced to carry the burden for poorly designed and manufactured consumer goods? 

You'll probably think of more arguments to include with your Comments on General Docket 87-389, but whatever points 
you choose to emphasize, be sure the FCC knows how strongly you oppose it! 

Flow do get your Comments to the FCC? 

Type "Comments - General Docket 87-389" at the top of an 8-1/2 x 11 sheet of paper, state your argument, 
and end with your complete name, callsign, and address. If using more than one page, be sure to put the page 
number, your name, and the Docket number on each. Send it to Mr. William J. Tricarico, Secretary, Federal 
Communications Commission, 1919 M. Street, NW, Room 222, Washington, D.C. 20554 — preferably with the 
original and 11 copies (one for each commissioner). If you don't have access to a copier, your single submission 
will still make a difference. 

Remember, we must fight this proposal. Your comments must reach the Commission before March 7, so why 
not start writing now? 
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Joe Schroeder, W9JUV 
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Here’s One for You! 


TM-221A/321A/421A 



Optional Accessories: 

• RC -10 ii|i liinrti. n h,*n,l'.. | r. mi • >ntt»lli>t 
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mobile mount 
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2 m and 70 cm FM compact 
mobile transceivers 

The all-new TM-221A, TM-321A and 
TM-421A FM transceivers represent 
the “New Generation” in Amateur 
radio equipment. The superior Ken¬ 
wood GaAs FET front end receiver; 
reliable and clean RF amplifier cir¬ 
cuits. and new features all add up 
to an outstanding value for mobile 
FM stations! The optional RC-10 
handset/control unit is an exciting 
new accessory that will increase 
your mobile operating enjoyment! 

• TM-221A provides 45 W. TM-321A, 
25 W. The TM-421A is the first 35 
W 70 cm mobile! All three models 
have adjustable 5 W low power. 

• Selectable frequency steps 
lor quick and 
easy OSY, 


• TM-221A receives from 138- 
173.995 MHz. This includes the 
weather channels! Transmit range 
is 144-148 MHz Modifiable lor MARS 
and CAP operation (MARS or CAP 
permit required ) lapecituaitions yuamnteec) 
lor Amateur band use only ) 

• TM-321A covers 220-224.995 MHz. 
The TM-421A covers 438-449.995 
MHz. 

• Built-in front panel selection of 38 
CTCSS tones. TSU-5 programmable 
decoder optional 

• Simplified front panel controls 
makes operating a snap 1 

• 16 key DTMF hand mic.. mic. hook, 
mounting bracket, and DC power 
cable included. 

• Kenwood non-volatile operating 
system All functions remain intact 

even when lithium battery 
back-up tails (Lithium cell 
memory back-up 
est life 5 yrs.) 


• Packet radio compatible! 

• 14 full-function memory channels 
store frequency, repeater offset, 
sub-tone frequencies, and repeater 
reverse information Repeater offset 
on 2 m is automatically selected. 
There are two channels for "odd 
split" operation 

• Programmable band scanning. 

• Memory scan with memory 
channel lock-out. 

• Super compact 

approx. 1 1/2"Hx5 1/2"Wx7"D 

• New amber LCD display. 

• Microphone test function on low 
power. 

• High quality, top-mounted speaker. 

• Rugged die-cast chassis and 
heat sink. 


RC-10 Remote Controller 

For TM 221A/321A/421A Optional 
telephone-style handset remote 
controller RC-10 is specially 
designed for mobile convenience 
and safety All front panel controls 
(except DC power and RF output 
selection) are controllable from the 
RC-10 One RC-10 can be attached 
to two transceivers with the optional 
PG 4G cable When both trans¬ 
ceivers are connected to the RC 10. 
cross band, full duplex repeater 
operation is possible (A control 
operator is needed for repeater 


KENWOOD 

KENWOOD USA CORPORATION 

2201E Dominguez Si. Long Beach. CA 90810 
RO. Box 22745 Long Beach. CA 90801-5745 









MFJ multi-mode 
data controller 



fledged tvealher maps on your printer, 
Ollu-r Interesting FAX pictures can also 
be printed - such as some news 
photographs from wire services. 

Any Epson graphics compatible 
printer will print a wealth of interesting 
pictures and maps. 

Automatic sync and stop lets you set 
il and leave il for no hassle printing. 

You can save FAX pictures and 
WEFAX maps to disk if your terminal 
program lets you save ASCII files to disk 
Pictures and maps ran he printed lo 
screen In real lime or from disk on IBM 
and compatibles with the MFJ-1284 
Starter Pack. 


MFJ shatters the 6 mode barrier and the price barrier 
with the MFJ-12 78 and gives you ... Packet, RTTY, 
ASCII, CW, WEFAX, SSTV and Contest Memory Keyer 
... 7 digital modes ... for an affordable $249.95 


You can transmit FAX pictures right 
off disk and have fun exchanging and 
collecting them 

Slow Scan TV 

The MFJ-1278 Introduces you to the 
exciting world of slow scan TV. 


Amateur radio's newest multi-mode 
data controller - the MFJ-1278 -■ lets you 
Join the fun on Packet, RTTY. ASCII. 

CW. Weather FAX. SSTV and gives you a 
full featured Contest Memory Kever 
mode . .. you gel 7 modes. . . for an 
affordable $249.95. 

Plus you gel high performance 11F/VHF/ 
CW modems, software selectable dual 
radio ports, precision tuning indicator. 
32K RAM. AC power supply and more. 

You'll find it the most user friendly of 
all multi-modes. It's menu driven for ease 
of use and command driven for speed. 

A high resolution 20 LED tuning 
indicator lets you lune in signals fast in 
any mode. All you have to do is to center 
a single LED and you're precisely tuned 
In lo within 10 Hz - and it shows you 
which wav to tune! 

All you need lojoin the fun is an 
MFJ-1278. your rig and any computer 
with a serial port and terminal program. 

You can use the MFJ Starter Pack to 
get on the air Instantly. It Includes 
computer interfacing cable, terminal 
software and friendly instructions . . 
everything you need to get on the air fast 
Order MFJ-1282 (disk)/MF.J-1283 (tape) 
for the C-64/128 and VIC-20 or MFJ-1284 
for the IBM or compatible. $ 19.95 each. 

Packet 

Packet gives you the fastest and most 
reliable error ; free communications of 
any amateur digital mode. 

With MFJ's super clone of the industry 
standard -- the TAPR TNC-2 -• you gel 
genuine TAPR software/hardware plus 
more -- not a "work-a like'' Imitation. 

Extensive tests published in Packet 
Radio Magazine ("HF Modem Perform¬ 
ance Comparisons") prove the TAPR 
designed modem used in the MFJ-1278 
gives better copy with proper DCD 
operation under all tested conditions 
than the other modems tested. 

Hardware DCD gives you more QSOs 
because you gel reliable carrier detection 
under busy, noisy or weak conditions. 

A hardware HDLC gives you full 
duplex operation for satellite work or for 
use as a full duplex digipeater. And. it 
makes possible speeds in excess of 56K 
baud with a suitable external modem. 

Good news for SYSOPs! New software 
lets the MFJ-1278 perform flawlessly as a 
WORLI/WA7MBL bulletin board TNC. 

Baudot RTTY 


baud. You can copy not only amateur 
R7TV but also press, weather and other 
exciting traffic. 

A high performance modem lets you 
copy both mark and space for greatly 
improved copy under adverse conditions. 
It even tracks slightly drifting signals. 

You can transmit both narrow and 
wide shills. The wide shift is a standard 
850 Hx shift witli mark/space tones of 
2125/2975 Hz. This lets you operate 
MAKS and standard VIIF FM RTTY. 

You get tx>th the American Western 
Union and the International CCITT 
character sets. Autostart for unattended 
reception and selectable "Diddle". 

A receive Normal/Reverse software 
switch eliminates retuning and Unshift- 
On-Spare reduces errors under poor 
receiving conditions. 

ASCII 

You can transmit and receive 7 bit 
ASCII using tin- same shifts and speeds 
as in the RTTY mode and using the same 
high performance modem. You also get 
Autostart and selectable "Diddle". 

CW 

You gel a Super Morse Keyboard mode 
that lets you send perfect CW effortlessly 
from 5 lo 99 WPM. including all prosigns 
- it's tailor-made for traffic handlers. 

A huge type ahead buffer lets you send 
smooth CW even if you "hunt and peek" 

You can store entire QSOs in the 
message memories, if you wanted to! 

You can link and repeat any messages for 
automatic CQs and beaconing. Memories 
also work in RTTY and ASCII modes. 

A lone Modulated CW mode turns 
your VHFFM rig into a CW transceiver for 
a new fun mode. It's perfect for 
transmitting code practice over VI IF FM. 

An AFSK CW mode lets you ID in CW. 

The CW receive mode lets you copy 
from I to99 WPM. Even with sloppy fists 
you'll be surprised at the copy you'il get 
with Its powerful built-in software. 

You also gel a random code generator 
that'll help you copy CW faster. 

Weather FAX 

You'll he fastmated as you watch 
WEFAX signals blossom intofull 



You'll not only enjoy receiving 
pictures front thousands of SSTVersall- 
over-the world but you can send vour 
own pictures to them. too. 

You can print slow scan TV pictures on 
any Epson graphics compatible printer. If 
you have an IBM PC or compatible you 
can print lo screen in near real time or 
from disk with the MFJ-1284 Starter Pack. 

You can transmit slow scan pictures 
right olTdisk •• there's no need lo set up 
lights and a camera for a casual contact. 

You can save slow scan pictures on disk 
from over-the-air QSOs if your terminal 
program lets you save ASCII files. 

The MFJ-1278 transmits and receives 
8.5. 12.24. and 36 second black and white 
format SSTV pictures using I wo levels. 

Contest Memory Keyer 

Nothing beats the quick response of a 
memory keyer during a healed contest. 

You'll score valuable contest points by 
completing QSOs so fast you'll leave your 
competition behind. And you can snag 
rare DX by slipping in so quickly you'll 
catch everyone by surprise. 

You get iambic operation with dot- 
dash memories, self-completing dots and 
dashes and Jamproof spacing. 

Message memories let you store contest 
RST. QTH. call, rig info •• everything you 
used lo repeat over and over. You'll save 
precious lime and work more QSOs. 

You get automatic incrementing serial 
numbering. In a contest it can make the 
difference between winning and losing. 

A weight control lets you penetrate 
QRM with a distinctive signal or lets your 
transmitter send perfect sounding CW. 

More Features 

Turn on your MFJ-1278 and it sets 
itself lo match your computer baud rate. 
Select your operating mode and the 
correct modem Is automatically selected. 

Plus... printing in all modes, 
threshold control for varying band 
conditions, tune-up command, lithium 
battery backup. RS-232 and TTL level 
serial ports, watch dog timer. FSK and 
AFSK outputs, output level control, 
speaker jack for both radio ports, lest and 
calibration software. Z-80 at 4.9 MHz. 32K 
EPROM, and socketed ICs. FCC approved. 
9 x1Vmc9Vj inches. 12VDCor I 10VAC. 

Get yours today and Join the fun crowd! 

FOR YOUR NEAREST DEALER 
or to order call toll free 


You can copy all shifts and all 
standard speeds including 170. 425 and 
800 Hz shifts and speeds from 45 to 300 


MFJ ENTERPRISES, INC. 

Box 494. Miss. State. MS 39762 
801-323-5860 Telex: 53-4590 MFJSTKV 


800-647-1800 

One Year Unconditional Guarantee 


MFJ . . . making quality affordable 


8 a February 1988 


189 





cover 

Dear HR: 

The front page graphic, depicting 
Ham Radio in the December issue, 
was indeed a superb masterpiece. 

That alone, is more than enough to 
keep a "honest-to-goodness" ham 
solidly attached to your fine magazine. 
The remaining contents, strictly a 
generous bonus. 

Ray Ziminski, K2KC 

East Meadow, New York 11554 

wanted: hf amplifier 

Dear HR: 

In regards to the comment made by 
W7WRQ in the December 1987 issue 
of HR —he is correct. An SCR-270 
radar unit was used and if I remember 
two antenna bays were used instead 
of the usual one. I worked on the com¬ 
posite tests on Sandy Hook, New Jer¬ 
sey in 1941 to get them ready for Pearl 
Harbor. I never knew that it was a 
problem to get "high powered" hf 
transmitters going in the '30s. They 
were on SSB also! While I did have a 
Collins transmitter with an intermittant 
cold solder joint that I had a heck of 
a time finding. Art Collins was an out¬ 
standing ham and Orr's article should 
be well received. 

I am interested in a solid-state 500- 
1000W hf amplifier. The designs and/ 


or built-up units that I can find are 
10-12 years old. I know there are new 
300-600W FETs. I can't seem to find 
any design material, kits, parts, or 
built-up units. If you have any pend¬ 
ing articles, know of any source of 
parts, kits, boards, designs, whatever, 

I would like to know about the avail¬ 
ability. I might even produce an arti¬ 
cle if I get an HF amplifier going to my 
satisfaction. 

Wayne W. Cooper, AG4R 
Miami Shores, Florida 33150 

computerized 
Yagi beam antenna 

Dear HR: 

Having just received the August 
issue, I noted with a great deal of in¬ 
terest the writeup on the "compu¬ 
terized Yagi beam antenna" and es¬ 
pecially the captions on the modified 
205BA. 

Having owned one for over a year, 
I have investigated a number of pos¬ 
sible modifications, inclusive of a 
possible alteration to a wide-spaced 
four elements on a 45-foot boom, 
which modelled quite well. 

The main attraction in Wayne Hillen- 
brand's design is in achieving the 
stated performance while maintaining 
the original boom length, as the 2-inch 
boom of the HY-GAIN would not take 
the extra stress very well, when ex¬ 
tended to 45 feet. 

As there are quite a few hams in¬ 
terested in improving the performance 
of their 205BA's, may I suggest that 
a more detailed presentation be includ¬ 
ed in one of your future issues. 

Keep up the good work. 

Julian S. Biermann, ZS6BJO 
Germiston 1407, South Africa 


great reference 

Dear HR: 

Just finished devouring the Decem¬ 
ber issue and thought I'd send a quick 
note to share some thoughts. 

I was mentioning last night to a 
friend that Ham Radio is the only (of 
many I receive!) magazine which I save 
in its entirety for reference. Seems 
there's always something interesting to 
read and learn. The December issue is 
a perfect example of what I meant! 

I've always liked WIJR's columns. 
Bill Orr's column about Art Collins was 
touching. I never knew Art, but had a 
very close friend (W4MJJ, now Silent 
Key) who did. The stories Mel used to 
tell about Art and Curt Lemay during 
the early days of amateur SSB were 
always fascinating. Bill did well. 

KL7AJ's article about TV didn't 
teach me anything new, but it was an 
incredibly well written review — more 
of what makes HR great. 

I guess the bottom line is that HR 
is great! Please accept my thanks for 
HR's contribution to ham radio and to 
RF technology. Keep it up! 

LCDR James A. Sanford, USN, 
PE, WB4GCS, Hampton 
Virginia 23669 

the good old days 

Dear HR: 

I wanted to let you know how much 
I enjoyed reading about Mr. Collins. I 
could not afford Collins for many years. 

I now own an S-line (32S-1/75S-1) 
and it is a treasure to me. 

Thank Mr. Orr for writing about "the 
good oid days," Mr. Collins and Col¬ 
lins Radio. 

Robin Chestnut, WA5YGR 
Perry, Oklahoma 73077 
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automatically switched 

half-octave filters: 
part 1 


Want to exceed FCC 
purity-of-emissions specs? 

Try combination 
low-pass/band-pass filters. 


The authors have developed a system of switched filter banks for 
use in equipment where contiguous, controlled bandwidth and some- 
times constant delay designs are required over wide frequency ranges. 
Although the design presented here is intended for constant harmonic 
attenuation from 2 to 30 MHz, the concepts extend to more than 
just hf communications. — Ed. 


In the good old days, radios had several bands. 
Mechanical band switching was accomplished by 
means of a multiwafer switch that extended all the way 
from the front panel to the back panel, with complex 
filter networks in between. While some of these sys¬ 
tems are still in operation today, the introduction of 
digitally synthesized transceivers has brought about 
the need for a totally new approach to band switch¬ 
ing. While it is a relatively simple matter to design 
channelized, band-switched rf equipment, the design 
of true broadband solid-state transceivers requiring 
stringent harmonic attenuation and linear phase re¬ 
sponse specifications over several hf octaves would 
require a multitude of band-switched filters. Using a 
manual band switch such as those found in old trans¬ 
ceivers would lead to a cumbersome and impractical 
design. 

On the other hand, one could look at a general- 
coverage hf synthesized radio as a device having one 
huge band, with an ultimate resolution of, say, 10 Hz. 
This would make it practical to digitally control sim¬ 


ple, stand-alone, wide-range varactor-tuned filters 
which are small in size and require simple control cir¬ 
cuits. While such circuits would be adequate in re¬ 
ceiver environments with relatively low-level unde¬ 
sirable signals, the nonlinear nature of the varactor 
diodes can cause intermodulation distortion in the 
presence of higher level signals, despite the fact that 
back-to-back circuits are usually used to reduce this 
effect. If a transmitter is also involved, such as in the 
case of a transceiver, these circuits would become im¬ 
practical; besides, high-power, contiguously switched 
filters are usually preferred. The proper selection of 
these filter networks requires digital intelligence in 
order to allow automatic coverage of the entire spec¬ 
trum of interest. This, in turn, requires a unique sys¬ 
tem design. 

Because there are four octaves* of bandwidth from 
2 to 30 MHz, half-octave filters could be used in the 
system in order to keep out the second harmonic and 
the higher products of any of the 2,800,000 possible 
fundamentals (when using 10-Hz resolution) produced 
by the synthesizer. This concept is illustrated in fig. 
1. Several half-octave filters will be required to meet 
this need. The important issue faced by a designer in 
such a case is not what microprocessor to use to 
crunch the numbers, but rather what is the best 
cost/complexity/performance compromise allowable 
by the total system design — both from a digital point 
of view and, more importantly, from an rf point of 
view. Understanding this process of design is the 
essence of this article. 

* One octave Is defined as the frequency range between a fundamental and 
its second harmonic. 

By Cornell Drentea, WB3JZO, 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429, 
and Lee R Watkins, 2256 East Jaeger Street, 
Minneapolis, Minnesota 85213 
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fig. 1. How a half-octave filter attenuates harmonics. 
Since harmonics are located at least one octave away 
from any fundamental, a worst case analysis for the en 
tire range of 2 to 30 MHz indicates that several contig¬ 
uous filters covering half-octaves will reject harmonics 
always by the same amount. An automatic switched 
bank of eight half half octave filters are required to cover 
the 2 to 30 MHz range. 


design criteria 

The system described here uses eight switched fil¬ 
ters. To eliminate any possibility of intermodulation 
distortion, no diodes are used in the rf switching. The 
filters are of a high-order bandpass design working in 
harmony with eight additional high-power, low-pass 
filters of similar design. It can be seen that because 
of the half-octave choice, given proper design, the 
filters can effectively attenuate all harmonic products 
at any point in the frequency coverage between the 
specified 2 and 30 MHz. This design calls for a com¬ 
posite attenuation between the filters and the linear 
amplifier's own harmonic response of greater than 50 
dB for the specified range when used with the 120- 
watt linear amplifier in the WB3JZO transceiver's out 
put. This exceeds the FCC's Part 97.73 requirement 
for purity of emissions for Amateur equipment.* In 
addition, a passband ripple requirement of 0.1 dBt was 
imposed on the design of all filters in order to keep 
receiver input impedance, and consequently noise 
figure and sensitivity, constant. 

Switching in the appropriate set of half-octave filters 
for the frequency of interest can be performed auto 
matically by the digital information available from the 
transceiver's frequency command input. The areas of 


• The FCC requirement below 30 MHz calls for power ol any spurious emrs 
s«on from an Amateur transmitter or transceiver to be at least 40 dB below 
the mean power of the fundamental, but not to exceed 50 milliwatts 
T With a O 100 for the inductors, a ripple of approximately 0 05 dB has 
been realized m practice 


... a word 
from the authors 

This article, dedicated to the memory of Anatol 
I. Zverev, describes the design and development 
of a 2- to 30-MHz switched filter system as used 
in the front end of a modern, fully synthesized 
transceiver. Intended as a brief tutorial, as well 
as a construction article reaching beyond this 
single application, it enables one to appreciate 
the complexity of modern equipment and filter 
design, and shows in detail the design and de¬ 
velopment of a complex switched filter system 
whose harmonic attenuation exceeds the re¬ 
quirements for Amateur equipment. Although 
the emphasis is on construction, no layouts or 
physical details are given in order to keep the 
length of the article within reasonable limits. 

Part 1 discusses filter theory and design. Part 
2 concentrates on implementation of the com¬ 
plex filter banks, digital control and execution, 
automatic high-power rf switching, and the prac¬ 
tical aspects of the entire project as used in the 
WB3JZO home-built transceiver. It should be 
noted that this project is relatively complex and 
will thus not offer immediate gratification; it 
should be viewed, therefore, in the context of a 
larger project such as the design of a transceiver, 
receiver, or transmitter. 

The project will apply to other automatic filter¬ 
ing applications of stand-alone, high-power, 
solid-state, hf linear amplifiers requiring stringent 
harmonic suppression and linear phase response 
over wide bands. These functions would be 
needed in order to reduce dynamic range require¬ 
ments of co located receivers or to provide 
phase-coherent data communications in instal¬ 
lations requiring frequency diversity. In linear 
amplifier applications, a modified design (not de¬ 
scribed here) could contain sensory circuits to 
read the frequency of the rf present at the am¬ 
plifier's input and quickly select the proper net¬ 
work at the output. 

The article will also apply to receivers. The de¬ 
velopment of an off-board preselector which 
combines the techniques presented here with 
other techniques could be added to the front end 
of existent wide band receivers to improve their 
in-band and out-of-band dynamic range per¬ 
formance. 

We hope that this material is informative and 
useful for both beginners and advanced Radio 
Amateurs. 

— Cornell Drentea. WB3JZO. and Lee R Watkins 
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Cards and plaque courtesy W6TC 


ElMAC’s 

new DX champion! 
The 3CX800A7. 


Varian EIM AC continues to com¬ 
mit its development of reliable 
tubes for HAM radio. 

The new. rugged 3CX800A7 
power triode provides 2 kW PEP 
input for voice service or 1 kW 
cw rating up to 30 MHz. Two 
tubes will meet the new, higher 
power ratings authorized by the 
FCC. 

Designed for today's low profile, 
compact linear amplifiers, the 
3CX800A7 powerhouse is only 


2Vz inches (6.35 cm) high. Cool¬ 
ing requirements are modest 
and a matching socket, air 
chimney and anode clamp are 
available. 

A data sheet and more informa¬ 
tion is available from Varian 
El MAC. Or the nearest Electron 
Device Group sales office. Call 
or write today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, California 94270 
Telephone: 415*592-1221 
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the transceiver affected by this article have been out 
lined in the block diagram shown in fig. 2, which il 
lustrates that both the low-pass and the bandpass 
banks are always in the circuit regardless of whether 
the transceiver is in receive or transmit. Only one filter 
set and its corresponding pair are in the path at any 
given time. 

A class A/AB amplifier has been specifically tie 
signed to keep the second harmonic down and there 
fore simplify the filter design requirement. The level 
of the third harmonic which is the worst case product 
will determine the overall attenuation required by the 
filters and consequently their order and design type. 
However, since the third harmonic is further away 
from the corner frequencies of the half octave bands, 
a less complex filter is required. This criterion is valid 
for all the frequencies and their corresponding Harmon 
ics in each of the eight filters, as affected by the linear 
amplifier's harmonic characteristics. 

This principle also applies in receive, where the 
image, a third-order product, and higher order prod 
ucts are kept out of the receiver's input in any of the 
eight selected ranges through a combination of band 
pass and low pass filters. The image rejection specifi 
cation for a receiver with a first r f of 75 MHz, using 
the front end filters designed here, has been calculated 
to be 70 dB. 

So far we have determined the overall characters 
tic response of our filters as matching at least a 50 dB 
harmonic attenuation requirement when used with a 
specifically designed amplifier. This composite Ire 
quency response is shown in fig. 3 We will now ex 
amine the design of the filters more closely. 

Because of the relatively large physical size of the 


T.V.I. problems? 


Low pass T.V.I. filters from 
Barker & Williamson 



FL10/1500 FL6/1500 ai0/100 FL6/100 


Model 

Power Cut Otl 
(Worts) Frequency 

Frequency 

of Maximum Minimum Frequency 
Attenuation AhoouaHon Rorvge 

Price 

FL10/1500 

1000 

34 MH/ 

5? MH/ 

/0 db 

1 8 30 MHz 

$32 00* 

Fl 10/100 

100 

44 MH/ 

57 MH/ 

60 db 

18 • 30 Mhz 

$23.50* 

H0/1500 

1000 

55 MH/ 

63 MH/ 

70 db 

6 motor 

$30 00* 

R6/100 

too 

55 MH/ 

_ 

63 MH/ 

50 db 

6 mote* 

$27 00* 


All above to match 
50 ohm transmitters 
and antennas 


"Add $2 shipping 
and handling 
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ALL OUR F’ROOUCTS MADE IN USA 

BARKER ft WILLIAMSON 

Quality Communication Products Since 1932 
At your Distributors write or call 
10 Canal Street. Bristol PA 19007 

(215) 768-5581 


r.|Q PACKET RADIO 

VILD goes portable 


THE FIRST CONTROLLER DESIGNED 
FOR PORTABLE AND SOLAR- 
POWERED STATIONS 



LOW ?5 niA Currenl Drain 

Miniature size ■ Lightweight NEW SOFTWARE FEATURE: 

Rugged metal, shielded case INTELLIGENT BLIDLIST Provides 
Lithium B.ittery backup lor RAM selective caiis.gn filtering tor 

Onboard Watchdog tor reliability Dwpe.itmg Monitoring and Connecting 
Standard DB?5 Connectors 
Connected' Status output line 
Remote Commands in Unattended Mode 
with Hardware Lockout 
Retains all other PK t features 
Erdra I/O lines lor special applications 


Model PK1-L 

Wired/ Tested 
List price $?09 9b 
Amateur net $179 9b 


Power requirement 9 u< »b Volts lit .’*• "‘A ty| • i 

Dimensions 46X 59 X in >n. hr Total Weight 1? 
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Pi**** C*U SS'O <n4 W# WftfWf 

. tVitfji f («( H fpi AiUl'honjI into jnP ,i».irl.iMc options 

lVr olln j complete lino of (Mnimiflrfi and 'rcri*f'* *l>ip* piO%elOCtO> pr^mpi 
CWIO ei% A *rnfhe»>tei% lot jmjieu- A c ommeu ul use 
flcgufti ow I HU ralrifnd Mi A V#* * w oteomp 


GL8 ELECTRONICS. INC. 

151 Commarca Pkwy., Buffalo, NY 14224 716-675-6740 9 to 4 
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Because you never know 
who’s listening. 


Why just dream of talking 
beyond earth? 

' With Yaesu’s new FT-736R 
YTIF/UHF base station, you 
can discover some of the best 
DX happening in ham radio. 

Via moon bounce. Thipo. Aurora. 
Meteor scatter. Or satellites. 

You see, the FT-736R is the 
most complete, feature-packed 
rig ever designed for the serious 
VHF/UHF operator. But you’d 
expect this of the successor to 
our legendary FT-726R. 

For starters, the FT-736R 
comes factory-equipped for 
SSB, CWand FM operation on 
2 meters and 70 cm (430-450 
MHz!), with two additional slots 
for optional 50-MHz, 220 MHz, 
or 1.2-GHz modules. 

Crossband full duplex capa¬ 
bility’ is built into every FT-736R 
for satellite work. And the satel¬ 



lite tracking function (normal 
and reverse modes) keeps you 
on taiget through a transponder. 

The FT-736R delivers 25 
watts RF output on 2 meters, 
220 MHz, and 70 cm. And 10 
watts on 6 meters and 1.2 GHz. 
Store frequency, mode, PL 
frequency, and repeater shift 
in each of t he 100 memories. 

For serious YH F/ U H F work, 
use the RF speech processor. 

IF shift. IF notch filter. CWand 
FM wide/narrow IF filters. 

VOX. Noise blanker. Three- 
position AGO selection. Preamp 
switch for activating your 


tower-mount preamplifier. Even 
an offset display for measuring 
observed Doppler shift on 
DX links. 

And to custom design your 
FT-736R station, choose front 
these popular opt ional accesso¬ 
ries: Iambic keyer module. 
FTS-8 CTCSS encode/decode 
unit. FVS-1 voice synthesizer. 
FMP-1AQS digital message 
display unit. 1.2-GHz ATV mod¬ 
ule. MD-1B8 desk microphone. 

E 736 DC cable. And CAT 
(Computer Aided Transceiver) 
system software. 

Discover t he FT-736R at 
yourYaesu dealer today But 
first make plenty of room for 
exotic QSL cards. Because 
you never know who’s listening. 




Yfceso USA 17210 L'dwards Roa* twites, CA 00701 (213)404-2700. Repair Service: (213) -104-4K84. Parts: (213) 404 4847 
Y&esQ Cincinnati Service Center 3070 Gold Park Drive, Hamilton, OH 45011 (513) 874 3100. 

* V; •* i, ^^jrirriT i 

Pine* ant I sj*«ificftUon$ suI$j<kiio chan#- without notice. PI. is a registered trademark of Motorola. FT 736 R shown with 220 MHz option mnuiMetl, 
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table 1A. Bandpass. Design requirements for all half- 

octave filters used in the transceiver. 



Passband 

Stopband 

Attenuation 

Filter No 

(MHz) 

(MHz) 

(dB) 

1 

2 3 

<.625; >5 25 

70 

2 

3-4 

<.875; >7.75 

70 

3 

4 6 

<1.25; >10.5 

70 

4 

6-8 

<1.75; >15.5 

70 

5 

8 12 

<2.50; >21.0 

70 

6 

12 16 

<3.50; >31.0 

70 

7 

16-24 

<5.00; >42.0 

70 

8 

24-30 

<6.75; >61.0 

70 

table IB. 

Lowpass. Design requirements 

for all half- 

octave filters used in 

the transceiver. 



Cutoff 

Stopband 

Attentuation 

Filter No. 

(MHz) 

(MHz) 

(dB) 

1 

>3 

6 

60 

2 

>4 

9 

60 

3 

>6 

12 

60 

4 

>8 

16 

60 

5 

>12 

24 

60 

6 

>16 

36 

60 

7 

>24 

48 

60 

8 

>30 

72 

60 


parts required for the construction of the low-pass 
filters, it was decided that the lowest order filter that 
satisfied the above criteria would be considered in 
order to conserve space. First, the linear amplifier 
chain was designed and developed in order to realize 
a second harmonic attenuation of 30 dB. As men¬ 
tioned before, the rejection requirements have been 
met by complementing these specifications with the 
linear amplifier's own harmonic attenuation. 

During amplifier design, a nonlinear transfer func¬ 
tion analysis was performed with the help of the 
Volterra series.* The data obtained was then com¬ 
pared with the harmonic content information available 
from Motorola's RF Data Manual and the actual spec¬ 
trum analyzer data obtained from the designed ampli¬ 
fier. After several design iterations, the second 
harmonic emission was brought within the specifica¬ 
tion.! This placed a 20-dB attenuation requirement on 
all low-pass half-octave filters at the second harmon¬ 
ic in order to achieve the required 50 dB. The worst- 
case third harmonic emission was verified at 10 dB 
below the carrier. This placed a 60-dB attenuation re¬ 
quirement on the low-pass filters at the third harmon¬ 
ic frequencies and beyond in order to maintain a 
specified 70-dB total rejection. Table 1 lists all the 
resulting electrical requirements for the bandpass and 
low-pass filters. 

A more stringent requirement intended for linear 
amplifiers with a lesser second harmonic rejection was 

* Unlike the classic model to Fourier analysis, the Volterra series is a much 
mom precise modeling tool used in the study of nonlinear effects in transis 
tor amplifiers and receivers. 

t The 39-dB gain amplifier uses a combination of class A/AB designs. 
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worked out but was not implemented because of its 
complexity (it required a minimum of eight poles). 
However, the performance of the filters described here 
in standard solid-state, push-pull power amplifiers of 
class AB or B with matched characteristics and with 
a typical second harmonic rejection of 20 dB below 
the carrier or better, will also meet or exceed the 40-dB 
FCC requirement for Amateur service. 

the ideal theoretical filter 

The following is a discussion of the basic theory re¬ 
quired for understanding of the filter design part of 
the article. Because filter articles can become very in¬ 
volved, we chose to emphasize only limited theoret¬ 
ical aspects of the subject. Only the bandpass design 
of one filter will be treated in detail. However, refer¬ 
ences to the low-pass equivalent design and detailed 
construction data are provided. 

There are many ways to design filters. An ideal filter 
has no insertion loss in its passband (0 dB attenua¬ 
tion from u = 0 to w = 1), and infinite attenuation 
everywhere else. (o> > 1 !) as illustrated in fig. 4A. 
Mathematically, the value of the magnitude response 
function |H (joj)| in such a filter would be infinite, which 
in turn would require an infinite number of poles. Fi¬ 
nally, the filter would not be practical since an infinite 
number of poles would create an infinite insertion loss 
and an infinite delay for the waveform at its output. 
In addition, the ideal filter would require a linear phase 
response over the entire passband, as shown in fig. 
4B. Other important elements affected in such a de¬ 
sign would be the impulse and step response charac¬ 
teristics as shown in figs. 5A and 5B. It can be seen 
that for the two responses, the output of the filter 
starts at t = while the input is only applied at 
t = 0, a real-world impossibility.* This brief theoreti¬ 
cal discussion is important because it makes us real¬ 
ize the imperfection of any filter design by comparison. 

practical filters 

Because actual filters can be no more than approx¬ 
imations of ideal filters, tradeoffs of performance char¬ 
acteristics are inevitable. Knowing what is important 
in each particular application determines the type of 
approximation. Designers have many filter types to 
choose from: Butterworth, Chebyshev, Legendre, 
Gaussian, Least-Square, Laguerre, Hermitian and Bes¬ 
sel; each is an approximation of the ideal filter, and 
each has its own positive characteristics. Chebyshev 
filters have an equal-ripple passband and steepest out- 
of-band attenuation (i.e., monotonically increasing 
attenuation). Since a 0.1-dB passband ripple specifi- 

* The linear phase and constant group delay requirements imply that the 
response be of an anticipatory nature. The impulse response is obtained from 
the Fourier inversion integral. This integral produces a response which starts 
at - oo and ends at +- 
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fig. 4. Ideal filter. (A) Amplitude frequency response. IB) 
Linear passband phase response. 




fig. 5B. Ideal filter. Step response. 
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cation is needed for the entire 2 to 30 MHz range, a 
low-pass, half octave, Chebyshev filter that has this 
characteristic is an eighth order design and is too com¬ 
plex. If the ripple requirement were relaxed, a seventh- 
order design would be sufficient, but peaks in the rip 
pie would make construction very sensitive to adjust 
ment of component values and their variations with 
temperature. Duplicating the effort by a factor of 16 
filters would be difficult. 

compromise filter requirements 

Any compromise filter would have to meet the fol¬ 
lowing criteria: 

• conform to the electrical design values shown in 

table 1; 


K.V.G. 
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fig. 7. Fifth order Cauer (Elliptic) filter, adapted from: Von R. Seal, Der Entwurf von Filtern mit hilfe des Kataloges normierter 
Tiefpasse. AEG-Telefunken, 715 Backnang, West Germany, 1968, pages 86-87. 
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• meet packaging requirements, using the minimum 
number of poles; 

• be easy to design and economical to construct; 

• be easy to tune with relatively simple laboratory 
equipment. 

A Cauer (elliptical) filter has an in-band characteristic 
similar to that of a Chebyshev filter; it also has a more 
abrupt transition band characteristic than the mono- 
tnnically increasing attenuation of the Chebyshev 
approach. A fifth order Cauer is easier to tune than 
the more complex eighth-order Chebyshev that would 
have been required to meet the ripple spec. 

The low pass amplitude response of a typical Cauer 
filter is shown in fig. 6A. Insertion loss has been calcu 
lated and verified at 0.01 dB for the low pass and ap 
proximately 1 dR for the bandpass design. The group 
delay remains relatively constant over the range as 
shown in fig. 6B 

Where: Am is the magnitude of the passhand ripple 
(expressed in nepers or dB): 

(IH 10 log (I p) (1) 

Note while p is usually expressed as a percentage, 
the decimal value should be used in eqn 1 Wr is the 
frequency of the ripple bandwidth normalized for w 
1 radian. Amin is The minimum stopband attenuation 
in dR. u'min is earliest frequency which has less or 
equal amplitude than Amin (^’Min ,s normalized to ^r). 
u.'pi, u’P 2 , are the frequencies of attenuation peaks, 
normalized to u-r. 

bandpass design 

The 16 to 24 MHz design (filter No 7) is analyzed 
according to data supplied in table 1 This filter is onp 
of four (1, 3, 5, and 7) that have more stringent slope 
requirements on the low frequency side of their 70-dB 
attenuation (a half-bandwidth ratio between the center 
frequency and the lower 70-dB attenuation point of 
3.76:1), as can be seen from table 1 From the nor 
malized tables of elliptic filters in fig. 7, we find that 
a fifth order filter will meet the bandpass requirements, 
including the 0.1 dB passhand ripple The required at 
tenuation will be determined by the conservative 
choice of II 21 degrees' which will provide more 
than 74.9 dB for all frequencies located 2.79 half band 
widths away from the center frequency, more than 
ennuqh to satisfy the above requirements. In addition, 
the design margin of 4.9 dB over the 70 dB dpsiqn re 
quirement is intended to compensate for possible theo¬ 
retical vs. practical problems which may evolve during 
the implementation of the network. The filter has now 
been identified. The schematic, diagram and its nor 
malized electrical values can be extracted from fig. 7 
This filter can also be defined as C0516 II 21 


‘ o v. th m * nf mm ltd, ti ,inql«* 
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Table 2A 

To transform from a parallel resonant-series resonant 
combination into two parallel resonant circuits in series 
with each other perform the following operations: 
(See program A) 



C 4 

1 M i 


1 

/I 1 



A = L) • L 4 C$ • C 4 
B = C 4 • L 4 + Cj • L} + L 4 • Cj 
E = Lj • L 4 • C$ 

P = (B + SQRfB . B - 4.4 • 5 

C/ = (A • /f - A • P • P)/(A • L 4 • P - E 

C 2 = (A - P • P)/(E - P • L 4 ) 

L] - (A • L 4 - P ' E)/(A - P • P) 

L 2 = (P • E - L 4 • P • fV/fW - P ' P) 

The two resonant frequencies Fi and F 2 are 
2 WL/ C; 


2 ir\ L 2 C 2 
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table 2B IBM Compatible programs used for simplifying the transformation cal 
culations. 


Famous 


j iix ji 
.; Pt*3.14169 

• LPRINT -THIS PROGRAM TRANSFORMS A PARALLEL RESONANT SERIES RESONANT" 

■J (.PRINT "C' MR (NATION" 

(PRINT "l NT') TWO PARALLEL RESONATE ' IH U1T' IN SKRIEJ WITH EACH ( >TMF.R" 

» fl rLS 

PRINT “ENTER THE VALUE (IN UKENRIK. i IF THE IRIK INDUCTOR" 

- INPUT 1.3 

PRINT “ENTER THE VALUE (IN uHFNHIESl I THE PARALLEL INDUt*T’)R" 

INPUT L4 

. PRINT -ENTER THE VALUE (IN pFARADM F THE SERIF ’ATA TITOR" 

. INPUT C3 

i PRINT -ENTER THF. VALUE (IN pFARAPSJ >F THE PARALLEL CAPACITOR" 

4 INPUT C4 

A L3*L4*C3*C4 

♦ B-f4*L4*c: I*LJ*L4*r 3 
F. LJ* 1.4*0 

* P ' (B« SQR (»•»• 4*A> ) * . 6 

1 -(A*A-A*P*P)/<A*L4*P-E*P*P) 

■'/* (A * P • F * (E-P-L4I 
. . LI - (A* L4 P*E) / (A P*P» 

L? ■ (i -E-1-4TT I (A * P • r t 
■ Fl«l/ (?*PlTuRILl*Cln MOOU 
4 F 2 1 |2*P ; •: f„>K(L?*C2l | *1000 
260 CL5 

.* LPRINT -THE INPUT VALUES ARE;* 

. ' I.PRINT "INDUCTANCE IuHENRIF.SI AFAi* ITANCE (pFAHADSI SERIES riprUIT 1 

.HO LFRINT 

. <* LPRINT USING -••.••••I*---* ";L3;<M 

• )0 LPRINT 

UP LPRINT “ INDUCTANCE (uHENRIF' I APA: ITANCE ifEARADM PARALLF: IPTt/IT' 

>" LPRINT 

<30 I.PH3NT USING "*••••••• -;!.4.T4 

•4’ LPRINT 

•• LPRINT "THF. VALUES FOR THE TW HE v WANT IRCJJT ARE: " 

• 1 LFPINT 

HO LPRINT -INDUCTANCE uM APA ITANCE pF FREQUENCY MHr" 

36f LPRINT 

390 I.PRINT USING M**** “;LI;C1;F1 

400 LPRINT USING "♦•.••••••- ";L2; .;F? 

4JO LPRINT 
4. LPRINT 

430 PRINT "DO YOU WISH TO ENTER ANOTHER FT OF DATA Y/N" 

44 INPUT Q$ 

4SO CLS 

4-0 IF Qi'"Y~ THEN 60 
4 'f IF Q$ -N- THEN SOf. 

4SO CLS 
490 GOT'* 4 K 
•:00 CLS 

M0 END 
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10 CLS 

.' LPRINT "THI PRmC.RAM COMPUTE:' THE NORMALIZED I WPA WILI'RANi 

• LPRINT "BANDPASS TRANSFORMATION" 

40 DIM AS(3) 

SO .P-3.14159 

60 PRINT "ENTER THE VALUE OF THE CENTER FREQUENCY IN Itz" 

70 INPUT E 

SO PRINT -ENTER THF. VAULK OF THE SOURCE RESISTOR" * 

90 INPUT R 

l00 PRINT "ENTER THE VALUE OF THF RIPPLE BANDWIDTH IN Ilz- 

11 ( INPUT H 

l?f. LPRINT "THF ENTER FREQUENCY IS ";F*;" Hr" 

I H LPRINT "THE RIPP1.F BANDWIDTH IS ";P;“ H/" 

140 LPRINT "THF SOURCE RESISTOR IS ";K;“ OHMS" 

ISO CLS 

160 PRINT "ENTER THF. VALUE OF THE NORMALIZED l • WPA : APA f • (N 

1 TO INPUT c 

180 Cl-C/(2*1 •B*RI 

19' L1-R*2*P"B -4*P*P*F*F) 

200 LPRINT 
210 LPRINT 

220 LPRINT "NORMALIZED LI Cl" 

230 LPRINT “LOWPASS C HENRIES FARADS" 

240 LPRINT 

250 LPRINT USING "♦•.«••••- ";C,LI,CI 

260 LPRINT 

2?0 PRINT "ENTER THE VALUE OF THE NORMALIZE: WJA. IN' ' : *. • 

280 INPUT L 

. » ; -2*P*P C *R*4*F *P* ?*FI 

300 LI B*L < (?*P*R) 

310 LPRINT 

J?0 LPRINT "NORMALIZED LI Cl" 

<30 LPRINT "1/IMP ASS L HENRIES FARADS" 

340 LPRINT 

350 LPRINT USING "♦#.••••#- ";L, LI.' 1 

360 LPRINT 
370 CLS 

380 PRINT "DO YOU WISH TO ENTER ADDITIONAL VALUES Y/N" 

390 INPUT AS 

400 IF AS--Y" THEN 150 

410 IF AS -N- THEN 440 

420 CLS 
430 GOTO 380 
440 CLS 
4*»0 END 
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table 3. Calculated and practical (given in parentheses) values for the eight, half-octave lowpass filters used in the transceiver. 

#7 #2 


f c = 3.2 MHz BAND = 2-3 MHz 

Reject 6 MHz by 60 dB 

f C - Reject = 1.875:1 

Use A C0615C 0 = 35° Fitter 

Minimum Attenuation At 6 MHz = 67.8 dB 

Normalized values are: 


766-2 766-2 


L 2 L4 

24.47 25.3T 



f c - 4.5 MHz Band = 3 — 4 MHz 

Reject 9 MHz 

fc: Reject ratio = 2:1 

Use a C0615C 0 = 32° filter 
Minimum attenuation at 9 MHz = 72.8 dB 
Normalized values are: 


T68-2 766-2 

L 2 L4 

2077 21.687 



R S = 1 
Cl = 0.93T 6 
L 2 = 1.368 
C 4 = 0.1880 
C 5 = 1.371 

f 1 = 2.5989 


R L = 1 
C 2 = 0.1082 
C 2 = 1.564 
L 4 = 7.466 
L$ = 1.033 

f 2 = 1.9051 


the denormalized values are: 


Rs = 1 
Cj = 0.9492 
L 2 = 1.393 
C 4 = 0.1540 
C 5 = 1.395 


R L = 1 
C 2 = 0.06972 
C 3 = 7.607 
L 4 = 7.578 
L 6 = 1034 


t^ = 2.8385 


f 2 = 2.06873 


Rs =50 R L = 50 

Ci = 926.7* pF (910 + 75)** C 2 = 107.6 pF (100) 

L 2 = 3.40 ^H C 3 = 7556 pF (1500 + 56) 

C 4 =187 pF (180) L 4 = 3.65 pH 

C 5 = 13.64 pF (1200 + 150) Le = 2.568 nH 

f 1 =8.316 MHz f 2 = 6.0963 MHz 

tune L 2 , C 2 for an attenuation peak at fi 
tune L 4 , C 4 for an attenuation peak at f 2 

* Design value 
**Actual value used 


The denormalized values are: 

Rs =50 R L = 50 

Ci = 671.4 pF (680) C 2 = 63 pF (62) 

L 2 = 2.46 nH C 3 - 1132.4 pF (1100) 

C 4 = 108.9 pF (100) L 4 = 2.68 ,iH 

C 5 = 986.7 pF (1000) Le = 7.83 pH 

fl = 12.773 MHz f 2 = 9.3066 MHz 

tune L 2 , C 2 for an attenuation peak at f 7 
tune L 4 , C 4 for an attenuation peak at f 2 


#3 

F C = 6.5 MHz Band = 4-6 MHz 

Reject 12 MHz 

fc: Reject = 1.846:1 

Use a C0675C 0 = 35° filter 

Minimum attenuation at 12 MHz = 67.8 dB 

Normalized values are: 


#4 

/C = 8.5 MHz Band = 6-8 MHz 

Reject 18 MHz 

fc: Reject = 2.11:1 

Use a C0675C 0 = 37° filter 

Minimum attenuation at 18 MHz = 74.5 dB 

Normalized values are: 


768-2 766-2 

L 2 L4 

17 14 17.7 



768-2 768-2 

L 2 L 4 

15.17 15.897 



Rs = 1 Rl = 1 

Ci = 0.9376 C 2 = 0.1082 

L 2 = 7.368 C 3 = 7.564 

C 4 = 0.1880 L 4 = 1.466 

C 5 = 1371 L 6 = 7.033 

f 7 = 2.59897 f 2 = 7.9057 

The denormalized values are: 

Rs =50 Rl = 50 

Ci = 456.2 pF (470) C 2 = 53 pF (51) 

L 2 = 1.675 ,iH C 3 = 766 pF (750) 

C 4 = 92 pF (100) L 4 = 1.79 nH 

C 5 = 677.4 pF (680) L 6 = 7.265 ,1 

f T = 76.893 MHz f 2 = 12.383 MHz 

tune L 2 , C 2 for an attenuation peak at fi 
tune L 4 , C 4 for an attenuation peak at f 2 



Rs 

= 1 

Rl 

- 

1 

Ci 

= 0.9547 

Cz 

- 

0.08325 

Lz 

= 1.400 

Cz 

= 

1.612 

C 4 

= 0.1436 

La 

= 

1.535 

Cs 

= 1.402 

L6 

= 

1.034 

h 

= 2.9287 

Fz 

= 

2.1298 

The denormalized values are: 




Rs 

= 50 

Rl 

- 

50 

Ci 

= 357.5 pF (360) 

Cz 

= 

31.2 pF (30) 

t-2 

= 1.31 fiH 

Cz 

= 

603.7 pF (620) 

C 4 

= 53.8 pF (50) 

La 

= 

1.44 /lH 

Cs 

= 525 pF (570) 

Ls 

= 

0.968 nH 

fl 

= 24.894 MHz 

fz 

= 

18.1033 MHz 


tune L 2 . C 2 for an attenuation peak at f? 
fune L 4 , C 4 tor an attenuation peak at f 2 
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#5 


#6 


fc - 12.5 MHz Band = 8-12 MHz 
Reject 24 MHz 
fc: Reject = 1.92:1 

Use a C0615C (> = 34° filter 

Minimum attenuation at 24 MHz - 69.4 dB 

Normalized values are: 


768-6 768-8 

L2 L4 

13 65 MIT 



fc = 16.5 MHz Band = 12-16 MHz 

Reject 36 MHz 

fc: Reject - 2.18:1 

Use a C0615C 0 = 30° filter 

Minimum attenuation at 36 MHz = 76.3 dB 

Normalized values are: 


768-6 768-6 



«s 

= 7 

Hi 

= 

1 

c, 

= 0.9377 

C ? 

= 

0. 101 

1-2 

= 7.376 

Cs 

- 

1.577 

C* 

=■ 0.1761 

U 

=s 

1.484 

c 5 

= 1.379 

1-6 

= 

1.034 

u 

= 2.674 7 

h 

= 

1.9567 

The denormalized values are : 




Rs 

= 50 

Rl 

3 

50 

c, 

= 238.8 pF (250) 

c? 

SB 

25.9 pF (27) 

1-2 

= 0.876 f iH 

C 3 

ss 

401.6 pF (39 


- 44.8 pF (47) 

U 

5? 

0.945 

c 5 

= 351.1 pF (360) 

L 6 

= 

0.658 >lH 

ll 

= 33.426 MH* 

f2 


24.451 MHz 


tune 1 7 . C 2 for an attenuation peak at fi 
tune L 4 , C 4 for an attenuation peak at f 2 


Rs 

= 7 

Rl 

= 

1 

C, 

= 0.96 

c? 

- 

0.0776 

L 2 

= 1.408 

c 3 

rr 

1.623 

C 4 

= 0.7337 

La 

- 

7.557 

Cs 

= 1.410 

Le 

" 

7.034 

h 

= 3.02499 

f? 

= 

2.19586 

The rtenorma//7ed values are. 




Rs 

= 50 

Rl 

- 

50 

Ct 

= 785. 79 pF (180) 

c? 

- 

14.9 pF f15) 

1 -2 

= 0.679 ,iH 

C 3 

ST 

313.1 pF (270 

C„ 

= 25.8 pF (27) 

L 4 


0.748 ,iH 

Cs 

= 272 pF (270) 

Lfi 

= 

0.4987 

h 

= 49.9123 MHz 

1? 


36.2317 MHz 


tune L 2 . C? for an attenuation peak at fi 
tune L 4 , C 4 for tin attenuation peak at 1 ? 


fc = 24.5 MHz Band 
Reject 48 MHz 
fc: Reject = 1.96:7 


16 - 24 MHz 


Use a C0615C 0 = 33 0 filter 

Minimum attenuation at 48 MHz = 77.1 dB 

Normalized values are: 


f c - 30.5 MHz Band = 24 - 30 MHz 

Reject 72 MHz 

fc: Reject - 2.36:1 

Use a C0615C 0 = 27° filter 
Minimum attenuation at 72 MHz - 82 1 
Normalized values are. 


Rs = 7 

Ci = 0.9436 
12 = 1.385 
C 4 = 0.7648 
C 5 = 1.387 


Ri = 1 
C 2 = 0.09523 
C 3 = 1.589 
L 4 - 1.501 
L 6 = 1034 


768-6 768-6 



C? ('')( C4 (£) 



ft = 2.75377 

The denormalized values are; 


Ci = 122.6 pF (120) 
L 2 - 0.449 t iH 
C 4 * 21.4 pF (22) 

Cs = 180.2 pF (180) 

fi - 67.467 MHz 


R L = 50 

C 2 = 12.37 pF (12) 
C 3 = 206.4 pF (200) 
L 4 = 0.487 
Lg = 0.336 fiH 

f 2 = 49.252 MHz 


ft = 3.3568 

The denormalized values are. 
fls = 50 

C 7 = 101.7 pF (100) 

L 2 = 0.373 ,iH 
C 4 ~ 11.1 pF (12) 

C 5 - 149.2 pF (150) 

fi = 102.38 MHz 


R L = 50 
C 2 = 6.5 pF (5) 

Cs = 172.6 pF (180) 
L 4 - 0.416 (iH 
L 6 = 0.270 nH 


tune L. 2 , C 2 for an attenuation peak at fi 
tune L. 4 , C 4 for an attenuation peak at f 2 


tune L 2 , C 2 for an attenuation peak at fi 
tune La. C 4 for an attenuation peak at f 2 
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degrees, which means that it is a Cauer (C, elliptic) 
design of a fifth order (05), with p = 15 percent (see 
fig. 6), and $ = 21°, as described above. Its normal¬ 
ized design parameters are shown respectively in fig. 
8A for the normalized low-pass element values and 
in fig. 8B for the denormalized bandpass element 
values. The transformation is performed with the help 
of several equations, which are listed in table 2A. The 
design for the remaining seven bandpass filters is per¬ 
formed in a similar manner. 

Information about applying denormalizing equations 
is provided in the references, which will follow at the 
end of Part 2 of this article. To make the job easier, 
the transformation equations from the low-pass to the 
bandpass elliptic filter have been applied to computer 
programs for the IBM and compatibles, and are includ¬ 
ed in table 2B. 

The final transformation for the C0515 6 = 
21-degree filter is shown in fig. 9. Note that f,, f 2 , f 3 , 
and f„ are frequencies where the attenuation charac¬ 
teristic peaks. Knowledge of where they occur is very 
important for tuning the filters. This is accomplished 
by adjusting the individual inductances or capacitors 
for maximum attenuation at the respective fre¬ 
quencies. 

Reasonable care should be exercised in choosing 
components as close as possible to the theoretical 
values. For example, actual capacitor values were 
chosen near the theoretical values and inductance tun¬ 
ing was accomplished by spreading or compressing 
the windings on the toroidal cores. This method 
worked well for all the networks. 

low-pass design 

We have seen how a bandpass, half-octave Cauer 
(elliptic) filter, C0515, can be designed to meet strin¬ 
gent requirements and yet be easy to build. The de¬ 
sign of the equivalent low-pass filters from table 1 is 
performed in much the same way. Since a sixth-order 
filter is required for the low-pass bank to achieve the 
design requirements, the identification for this filter will 
be C0615c. (The "c" at the end indicates an equal 
source and load impedance.) The elliptical tables men¬ 
tioned earlier (table 2) and eqn. 2 and 3 below are 
used to denormalize the low pass filter. 


Co = 


Cn 

K s u >c 


( 2 ) 


where Cp and !_□ are the denormalized values. Where 
and 1.^ are the normalized values. 


Ld = 


/ \ R<j 
w r 


(3) 


Rs is the value of the source resistor, and uq is the 
cutoff frequency in radians. 


1 

"i_J 

C2 

,__J 

C4 © 

,_M__j 



J 

1 

)\ 1 

's Cl ^i 

. _J 

)\ * 

-nC3 

nC3 | 

2 



Rs = 1.000 ohms 
C, = 1.115 F. 

C 3 = 1.882 F. 

Cs = 1.061 F. 

L, = 1.334 H. 


Rl = 1.000 ohms 
C 2 = 0.03478 F. 
Ca = 0.09287 F. 

t-2 = 1.259 H. 


4.643 Radians Fi = 2.925 Radians 



C 3 = 12.87pF 
C 5 = 56 ,99pF 
C 7 = 392.71pF 
Li = 0.161 ,,H 
Li = 5.16;iH 
L S = 1.16,,H 
L 7 = 0.169,,H 


C 4 = 696.58pF 
C 6 = 34.3 7pF 

L 2 = 1.23,,H 
La = 0.0953,,H 
Ls = 1.93„H 


fig. 8. Schematic diagram and values for (A) normalized 
lowpass element, and IB) denormalized bandpass ele¬ 
ment of the bandpass filter. 



Rs = 50.000 ohms 
C, = 412.69pF 
C 3 = 90.27pF 
C 5 = 44.60pF 
C 7 = 392.71pF 
Li = . 160/iH 

L 3 = 4.42,,H 
L s = 0.443,,H 
Lj = 0.169,,H 
F 1 = 47.89MHz 
F 3 = 35.8MHz 


Rl = 50.000 ohms 
C 2 = 15.01pF 
C 4 = 696.58 pF 
Cs = 149.88pF 

Li = 0.736,,H 
La = 0.0953/iH 
L 6 = 1.49„H 

F 2 = 7.966MHz 
Fa = 10.65MHz 


fig. 9. Final transformation for C0515 0 = 21° filter. Know 
ing where the peaks in attenuation are will greatly help 
in tuning the filter. 


The final practical model for C0615c 0 = 31 degrees 
is shown in fig. 10 . The inductors were wound by 
hand on Micrometals™ toroidal cores, as we will see 
later. 
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fig. 10. Realization of the practical lowpass, half-octave, 
Cauer (Elliptic) filter model. This model has been identi¬ 
fied as C0615c. See text. 


Table 3 shows the calculated and practical values 
for all eight half-octave, low-pass filters used in the 
transceiver. The numbers in parentheses are practi¬ 
cal values as used in the implementation. Silver-dipped 
mica capacitors with a tolerance of ± 5 percent were 
used throughout the networks. Breakdown voltages 
have been chosen at 250 volts. 

Part 2 of this article will deal with the final implemen¬ 
tation of the filters in the transceiver. In addition, auto¬ 
mation and switching for the entire system will be 
discussed in sufficient detail to allow readers to de¬ 
sign their own circuits. 

ham radio 



Build your 
next vacation 
around the south- 
land's most popular 
Hamfest, at the hub of 
the greatest entertainment 
y and activity center in the east. 


/* REGISTRATION ★ 


$6 Advance • $8 At Door 
Banquet $12.50 
Air-Conditiond Swap Table Area 
Tables $25.00 ea. 

Swap Table Area Open 
Friday at Noon 

Get your Suntan as you Tailgate. 
Four Hundred Positions 
Tailgating: $20.00 


WHILE HAMCATIONING 
TAKE IN THE SIGHTS AT: 

★ Disney World ★ Sea World 

★ Kennedy Space Center ★ Epcot 

★ Daytona Beach ★ Church Street 

Station ★ Busch Gardens 

★ Cypress Gardens ★ Silver Spgs 


ALL MAJOR EXHIBITORS EXPECTED 


ARRL 

FLORIDA STATE 
CONVENTION 

MARCH 11-13,1988 

at ORLANDO'S 

EXPO-CENTRE 


UPGRADE! Volunteer Examinations 
by CAVEC • SUNDAY (March 13) 

Send completed Form 610. photocopy of 
present license and $4 00 fee to: 

R.V Mackey, CVE, P O. Box 1598. 
Maitland, Florida 32751 
(WALK-INS ACCEPTED) 

PLANNING AHEAD! Here s your Ham- 
Cation dates tor the next four years: 

MAR. 10-12. 1989 * MAR 9-11. 1990 
MAR 8-10. 1991 * MAR 14-16, 1992 


Y'all Cmon Down and Enjoy Our Southern Hospitality 


For Tickets, Swap Table and Tailgate reservations 
send Check or Money Order and SASE to: 

ORLANDO HAMCATION & COMPUTER SHOW 

Dept. QST, P.O. Box 547811 • Orlando, Florida 32854-7811 

Reservations accepted until 2/15/88. Tickets held at Information Booth after that date. 







amateur packet radio 

networking and protocols, part 1 


Introduction to 
a viable 
communications mode 

Much has been written about Amateur packet radio 
over the past few years. Although the features and 
advantages of packet radio are well known by most 
active Amateurs, remarkably few operators under¬ 
stand how packet radio really works. 

This three-part series describes the workings of 
packet radio. A basic reader understanding of the sub¬ 
ject and some knowledge of the components and 
operating procedures are assumed. 

I will cover two related areas that are integral to 
packet radio, networking and protocols. These con¬ 
cepts are viable when used with hardware systems 
(such as terminals. Terminal Node Controllers, and 
radios). All three components (hardware, networks, 
and protocols) work together, and a failure in one can 
result in total breakdown. The series introduces the 
subject of networks and protocols, explores the vari¬ 
ous options in each, and describes the common sys¬ 
tems in use today. 

network basics 

A single packet station is useless for communica¬ 
tions; two or more stations are needed. In terms of 
digital communications, a network can be defined as 
a collection of devices linked together so that one sta¬ 
tion can talk with any other station in the network. 
It is difficult to decide on and implement a system al¬ 
lowing for maximum flexibility and throughput while 
minimizing complexity and cost. 

In the simplest case, a packet network consists of 
a few stations within direct communications range of 
each other on a single frequency (see fig. 1). A more 
complex network involves digipeating (simplex packet 
repeaters) to extend a station's communication range 
and gateways for accessing stations with different 
capabilities as shown in fig. 2. 


This situation is not ideal because of congestion, 
range limitations, and other problems. Before more ad¬ 
vances can be made in packet networking, additional 
work is needed in the area of protocols. Present day 
packet has stretched the current protocols to their 
limit, and much is being done to develop new ones. 

multiplexing 

Since packet operation occurs on agreed upon sin¬ 
gle frequencies, a method is needed that allows sta¬ 
tions to access the frequencies in an orderly manner. 
Without this, operators using the frequency would col¬ 
lide with other users. 

The method used is multiplexing. Multiplexing lets 
a group of users share a communication medium. In 
its ideal form, each user should be unaware that he 
is sharing the channel. The two forms of multiplexing 
that concern packet radio operators are Time Division 
Multiplexing (TDM) and Frequency Division Multiplex¬ 
ing (FDM). 

FDM 

FDM allows each transmitting user to have a sepa¬ 
rate channel for communications. The radio stations 
on fm stereo are a good example of this. Each has its 
own frequency and occupies it continuously. This 
would be wasteful in packet radio which uses the 
channel only for brief periods. There are usually a set 
number of frequencies allocated for communications 
(such as 145.01 MHz, 145.03 MHz, and 14.103 MHz), 
and the user selects one before beginning. 

Once a station starts transmitting over a certain 
channel, it usually stays on it until the communica¬ 
tions session is over. This is known as static FDM 
because the stations do not switch between different 
frequencies during connection. Pure FDM operation 
does not provide a very versatile network. 

TDM 

TDM allows users to share a common channel with¬ 
out interfering with others. Each station transmits one 
after the other while users with no traffic stand by. 
The frequency is allotted by time to users with traffic 
to send; one station will transmit for a time and then 

By Jonathan L. Mayo,KR3T, 3908 Short Hill 
Drive, Allentown, Pennsylvania 18104 
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fig. 1. A diagram of a simple network in which all sta¬ 
tions can communicate with each other directly. 



be followed by another station. But, how does a sta¬ 
tion know when to transmit? 

Three systems control the access of individual sta¬ 
tions to a channel: random access, polling, and token 
passing. 

random access 

Packet radio uses random access. Individual stations 
follow specific rules to enter the system and must be 
able to determine if the channel is clear. The method 
used is CSMA/CD (Carrier Sense Multiple Access with 
Collision Detection). The station monitors (senses) the 


channel and checks to see if it is clear when it has traf¬ 
fic to send. If it is clear, the station transmits. A suc¬ 
cessful transmission is acknowledged by the desti¬ 
nation station. If the channel is not clear, the station 
waits and transmits when it is. If two or more stations 
transmit at the same time a collision might occur. If 
this happens, the stations involved will receive no ac¬ 
knowledgment and must wait a random length of time 
to retransmit. Ideally, one station should have a shorter 
random wait, capture the channel first, and avoid 
another collision. 

Packet radio uses both FDM and TDM, permitting 
operators to transmit and receive simultaneously. The 
channel (frequency) selected by FDM affects both the 
range and speed of data transmission. For example, 
channels in the 20-meter band have a large range but 
limited speed, and channels in the 2-meter band have 
a limited range but support much higher speeds. 

TDM lets many operators share the same channel 
using CSMA/CD. For this to work, all stations on the 
channel must be within hearing range of each other. 

Two Amateurs can occupy a higher frequency chan¬ 
nel at the same time without interference as a result 
of Space Division Multiplexing or SDM. Stations in 
both California and Pennsylvania can transmit on 
145.01 MHz simultaneously because the two signal 
paths do not cross. Factors in SDM are propagation, 
radiation patterns, and physical obstructions. Such 
effects are fairly constant and predictable on the 
VHF/UHF bands. 

polling and token passing 

In a polling system, a master station asks the others 
on the network channel if they have traffic to send. 
The channel is cleared by the master station for each 
to transmit in turn. Other stations must wait for clear¬ 
ance before they may begin transmission. Token pass¬ 
ing is a similar form of TDM. In a token passing 
system, a single electronic token (a special binary 
sequence) is passed from station to station until it 
arrives at one with traffic to send. The station holds 
onto the token and transmits. The frequency stays 
clear because only the station with the token is allowed 
to transmit. When the station has finished transmit¬ 
ting, it passes the token to the next station on the net¬ 
work. Depending on network configuration, individual 
stations may communicate with each other directly or 
via the master station. 

Polling systems lack popularity in packet radio be¬ 
cause a master station with a fairly powerful computer 
and reliable communication throughout the network 
is needed to track users and their status. Packet users 
tend to drop in and out quickly and the radio links be¬ 
tween stations vary in quality. To work effectively, 
polling network conditions must be regimented be¬ 
yond what most Amateurs can provide. Another draw- 
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ELECTRONICS 


P C. ELECTRONICS 2522 PAXSON LANE 

ARCADIA CA 91006-8537 USA 

TOM (W60RG) & MARYANN (WB6YSS) O'HARA 

(818) 447-4565 


THE NEW "KREEPIE PEEPIE" ATV TRANSMITTER 


1. New final transistor typically gives more than 1.5 watts output on sync tip with 13.8 vdc applied. 

2. Now you can see your own transmitted video with the on-board RF detector/monitor 1 v output. 

3. Final RF output test point for setting up blanking pedistal with a voltmeter. 

4. Improved lower distortion subcarrier sound generator 1C for cleaner audio and 4.5 mHz stability. 

5. All this at no increase in price! Single freq. KPA5-C board still S159 delivered* . Two freq. $174 


NEW TX70-1 ATV TRANSMITTER contains the KPA5 and T/R relay ready to go in a small 6x5.2x2.5" 
shielded cabinet. Has both the 10 pin "VHS" camera & RCA phono jack video/audio inputs. If you 
are one of those with just a downconverter, saw some pictures and was bitten by the ATV bug, then 
this ATV transmitter is for you. No need to sell your downconverter and get a transceiver, just 
connect its input to the downconverter BNC connector on the back of the TX70-1. $229 delivered. 



KPA5-C 70CM ATV XMTR BOARD FEATURES: 

• >1 WATT P E P RF OUTPUT ON SYNC TIP 

Run barefoot for portable. Output properly matches Mirage 
D15N 15 watt or Mirage D24N ATV 50 watt linear amp for full 
output and the Mirage D1010N-ATV to over 50 watts p e p 

• FULL COLOR AND SOUND on a small 3.25x4" board 

• Wired and tested board runs on external 13.8vdc @ 

300ma. supply or 12 V battery 

• Accepts composite video from cameras. VCRs, 

computers, etc. 

• 2 audio inputs, one lor low Z dynamic mic. & one line 

level Irom most cameras & VCRs 

• Supplied with one xtal on 426 25. 434 0, or 439 25 

2nd xtal add $15. Specify Ireq. when ordering, check 
with local ATVers, ARRL Repeater Directory or call us. 

Only 2 channels available in any given area due to video 
bandwidth of 9 1 mHz 

• Price still $159 delivered via UPS surface in 
contiguous USA Transmitters sold only to licensed 
Technician class or higher amateurs lor legal purposes We 
verify name, call letters, & QTH in the Callbook. If recently 
licensed or upgraded send a copy with order. 


KPA5 APPLICATIONS: 

PORTABLE CORDLESS TV CAMERA. Think of it as a video 
HT Place the KPA5 in one of the Hammond Dicast 
aluminum boxes, 1/4 wave (6.5") whip on top or half wave at 
the end of 50li coax attached to a headset. Plug into a 12- 
14 v source such as the Radio Shack 12v 5Ah battery power 
pack (23-182). Depending on terrain & receiving antenna DX 
is typically over 1 mile. With KLM 440-27s at both ends DX is 
22 miles snow-free line-of-sight 

• Transmit the video to a remote VCR rather than lug it 

• Great for public service events: marathons, parades, 
damage accessment. search & rescue, CAP, etc. 

• Mount in a R/C airplane or robot to enable remote control 
when the vehicle is out of sight. 

• Put it in your own cabinet for base, portable or mobile. 

When more power is needed, connect to either the Mirage 
D15N for over 15 watts or to the Mirage D24N or D1010N- 
ATV amps for over 50 watts. 

• Place a KPA5 in a dicast box with a VOR (video operated 

relay) to make a hill top video repeater Repeal other 
ATVers, weather radar or Space Shuttle video. 


WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? Either a TVC-2G or TVC-4G 

downconverter connected to any TV set tuned to channel 3, and coax cable to a good 70cm antenna to receive Connect 
up the TX70-1 or package up the KPA5, add 12 to 14 vdc, antenna, and any home TV camera, VCR, or computer with 
composite video output It's that easy! 


ACCESSORIES: 

TVC-2G GaAsfet downconv. board wired & tested....$59 
varicap tuned, 420-450 MHZ to ch3 Req I2vdc 

TVC-4G (TVC-2G in cabinet with 120vac supply).$99 

TVCX-70 crystal controlled GaAsfet downconv..$99 

specify in freq. & out on ch 3 or 45mhz IF 2 freq.$ 1 1 4 

Hammond 1590D Use for KPA5 7 3x4.7x2"..$17 

1590C 4.6x3.6x2" aluminum box Fits TVCX-70.....$1 1 

800J 10 pin VHS color camera chassis connector.$ 1 0 

VOR Video (horiz sync) operated relay board..$25 


MIRAGE D15N-ATV 1 in 715 out all mode amp.$119 

MIRAGE D24N-ATVlm / 50 out all mode ampi....$2 1 9 

450 ISOPOLE omni 4dbd vert gain antenna.$65 

KLM 440-6X 8 9dbd ant., 28" boom, >50 deg BW....S51 

KLM 440-1 OX 11 2dbd. antenna, 64" boom.$65 

KLM 440-27 14dbd. 36 deg. BW antenna.$107 

SAXTON 8285 lOOit 50 ohm coax 3.5db/C loss.$41 

UG21 type N male connectors for larger ID coax.$5 


HAMS! Call or write for our full line ATV catalog...Downconverter boards start at only $39 


Reader Service CHECK OFF Page 106 
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Please see Ihe complete REVEX line of laboratory 
Instruments and accessories. 

AVERAGE AND PEP RF MONITORING BUILT INTO ALL UNITS. 

16 to 1300 mHz. 1 watt to 5kw 

IN LINE TYPE SWR & POWER METERS 

EXCLUSIVE!!!PATENTED WIDEBAND Z COUPLER, AVAILABLE IN 
NO OTHER UNIT AT ANY PRICE, PROVIDES LABORATORY ACCURACY 
AND QUALITY AT AMATEUR PRICES... 

■REVEX IN LINE WATT METER 
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RF 1.8 54 MHz, AF 10 Hz - 40 kHz AM, CW. SSB, OSCILLOSCOPE, TRAPEZOID. RTTY 
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MSI 

INTRODUCTORY 

PRICE 

$279 


EXCLUSIVE DISTRIBUTOR: TO ORDER 

AMATEUR-WHOLESALE ELECTRONICS ' TOLL FREE..800-327-3102 

46 Greensboro Highway, Watkinsville. Georgia 30677 Telephone (404) 769-8706 Telex: 4930709 ITT 
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Wideband Preamp 10-1000 Mhz 

Dual GasFet low noise 
preamplifier for HF, UHF or VHF 
systems. Just perfect for the R- 
7000. Excellent for Spec 
Analyzers. Scanners, etc. Gain 20 
Db +/- 1 DB. -3 Db at 2 & 1100 
Mhz. 1 Db compression of >-10 
Dbm. Intercept points >-45 Dbm. 
New shipped price of only 
$124.95. Po. residents please add 
6% state tax. 

GTI Electronics 

RD 1 BOX 272 
Lehighton, Pa. 18235 
717-386-4032 
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CORDLESS PHONE - LINK?? 

FEELING TIED DOWN TO YOUR MICROPHONE?? 

American lightwave introduces a tantasic kit that 
converts your cordless phone into a remote link" 

PHONE LINK 

* use your rig from the kitchen, garden, garage 
"Easy to build one evening assembly time 

* Easily connects to your rigs mic and speaker lacks 
" No mods to radio or telephone system just plug in 
"MADE in THE USA 

XITPIA Hvjh quality glimepoxybaordvrilti dr. HO 

Kit PI -B Complete kit - board, ports, dne I less cabinet J J30 

We dm I nick you tor e»tre mcmey NO SHIPPING CHWtGCS 1 " 

Cnee* .none* Or®r .COO RMERICHNLIGHTWRUE 
Or call 313-568-9007 PO BOX 71689 

COOonly «BtJ MatfiaonHeists. Mi 48071-0889 
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back is the amount of overhead (information that must 
be added to the basic data) required for destination 
routing. 

protocols 

Now that networking concepts have been covered, 
we can take a look at what makes packet radio work. 
How do individual stations know how to communi¬ 
cate with each other? What happens if data is sent 
but for some reason is not received? What if the data 
arrives garbled? How does a station know who data 
is for? How do digipeaters know which data to retrans¬ 
mit? The answers to these and other questions are 
found in the protocol. 

Protocols define how data is packaged, what ac¬ 
tions are taken under certain conditions, and when the 
actions are to be executed. The goal is to get data from 
its source to its destination as quickly, efficiently, and 
accurately as possible. Steps involved in using pack¬ 
et protocols follow. 

Assuming a station can access the network, it must 
communicate its intention to transmit with a connect 
request. If the selected station is available, it will ac¬ 
knowledge the request and the two stations will con¬ 
nect. Once this happens, the information they send 
to each other is received error-free. When transmis¬ 
sion is complete, the stations disconnect and are ready 
to contact others. 

These and other processes are handled by proto¬ 
cols. A protocol is a predefined series of steps followed 
to accomplish a task. An illustration of a random ac¬ 
cess packet radio protocol is a normal 2-meter fm 
phone contact. 

After first listening to see if the frequency is clear, 
call the station you want to contact. (AA3F AA3F this 
is KR3T. Do you read me?) Keep calling until a re¬ 
sponse is received or you decide to stop your tranmis- 
sion. If he responds (KR3T this is AA3F, Go ahead.) 
you have established a connection. You would then 
transmit your information. (AA3F this is KR3T. Meet 
me at the mall in 5 minutes.) Give the receiving and 
sending stations' callsigns so AA3F knows the mes¬ 
sage is for him (The FCC likes this.). If AA3F ac¬ 
knowledges (KR3T this is AA3F. Roger.) the message 
was received. If AA3F doesn't respond in a reasona¬ 
ble length of time or asks for a repeat, send it again. 
End your transmission with a disconnect request 
(AA3F this is KR3T. 73.) and AA3F will respond (KR3T 
this is AA3F. 73.). You have just ended the connec¬ 
tion and can place another call. 

The same system applies to packet radio. A con¬ 
nection is established, information is transferred (or 
retransmitted when not received properly), and the 
connection is canceled. Keep in mind that this is a 
generalization. The protocol must be able to determine 
when information is received incorrectly, keep track 


of the connection status, translate data, assure device 
compatibility, and much more. A detailed look at 
protocol organization follows. 

OSI/RM 

Any network, packet or not, consists of many differ¬ 
ent components and functions: terminals, codings, 
voltages, error checking, connecting, relaying, and dis¬ 
connecting. Networks become complex as their capa 
bilities increase. The International Standards 
Organization (ISO) developed a reference model for 
networks. Known as the Open Systems Interconnec 
tion Reference Model (OSI/RM), it is designed to aid 
the information exchange between systems. They can 
be as simple as a current loop teletype or as complex 
as a worldwide network. Open Systems are those 
open for communications (such as a packet radio sta¬ 
tion). The OSI/RM separates network functions into 
levels based on their purpose. 

Each OSI/RM level transfers data between the one 
directly above and below it. It interfaces at the point 
where data is transferred between levels. Data orig¬ 
inates at the highest level and is passed down serially 
through each one. The information is processed by 
each level's protocol until it reaches the lowest ini 
plemented level. When the data is received, the path 
is reversed and it is sent back up the levels. Each level 
removes any additional information added by its 
equivalent at the sending station. When the data 
reaches the point of origin, it looks exactly as it did 
when entered into the network. 

Each level operates independently. The only ex¬ 
change of information between levels occurs at inter¬ 
face points. Every level has a protocol that may be 
changed without affecting the rest. The set of levels 
and associated protocols form the network archi¬ 
tecture. 

The flexibility and structure of the OSI/RM help to 
maintain compatibility between packet systems. The 
OSI/RM is divided into seven levels, each responsible 
for particular tasks and named according to its func¬ 
tion. To refer to a level by number, use the word level, 
and when referring to a level by name, use the word 
layer. The seven OSI/RM layers are: physical, data 
link, network, transport, session, presentation, and 
application (see fig. 3). 

Level 1 is the physical layer. It is responsible for the 
transparent transmission of bit streams across the 
physical interconnection between systems. This con¬ 
nection can be operated in either simplex, half duplex, 
or full duplex. The bits must arrive in the same order 
in which they were sent. Specifications for this layer 
include mechanical (plugs and dimensions), electrical 
(voltage and current levels), functional (the meaning 
of different voltage levels), and procedural (rules and 
sequences). 
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fig. 3. The levels of the OSI/RM. The solid arrows indi¬ 
cate layers that must be implemented at each node. The 
layers indicated by dashed arrows must be implement¬ 
ed only at the originating and destination nodes. 


Level 2, the data link layer, shields the higher levels 
from the characteristics of the physical layer. It pro 
vides reliable transmission of data and should contain 
some form of error detection and correction. This layer 
must be independent of the data sent and may not 
alter it in any way. It must accept data and break it 
into segments for transmission. When the segment¬ 
ed data is combined with protocol information, a frame 


is formed. The frame must be delimited (allow for 
recognition of the beginning and end of the frame) and 
also be transparent (to be looked at only as a series 
of bits). 

The frame is checked for accuracy upon reception 
and, if an error is found, retransmitted by the last sta¬ 
tion. Frames must be delivered in the same order they 
were sent. The standard level 2 protocol is HDLC 
(High-level Data Link Control). A subset of HDLC is 
used in most packet radio data link layer protocols. 

The network layer, Level 3, provides transparent 
transfer of all data submitted by the transport layer, 
Level 4. Hence Level 4 is not directly involved in the 
connections between communicating systems. The 
systems may be connected point to point (direct) or 
have many nodes in the path. The network layer pro¬ 
vides the routing functions needed to transfer data 
from one system to another; each system may act as 
a relay. Routing methods are not covered in the 
OSI/RM. Level 3 of the X.25 standard is one standard 
protocol for the network layer. 

The transport layer arranges the information in the 
correct order if packets arrive out of sequence. It 
handles only communications between the origination 
and destination, and not relay stations that might be 
used by the network layer. 

The session layer or Level 5 is responsible for initiat¬ 
ing and terminating communications between stations 
on the network. 

Level 6 is the presentation layer and handles data 
transformation (converting ASCII to Baudot), data and 
display formatting (a graphics terminal communicat¬ 
ing with a hardcopy teleprinter), and syntax selection. 
If two systems are using incompatible devices, this 
layer handles the conversions necessary for data 
transfer. 

In Level 7, the application layer, provision is made 
for proper operation of application entities or user- 
oriented software. Programs or computer functions 
controlled by the connected system are located here 
and fall under its protocol(s). 

conclusion 

We have looked into the operation of Amateur pack 
et radio which uses a random access networking sys¬ 
tem. You have been introduced to protocols and their 
function. In Part 2 we will discuss protocols used in 
packet radio. 

If you have any questions or comments, write to 
me at the address listed or leave a message on Compu¬ 
Serve; my User ID is 72276,2276. 

Portions of this series are from my book. The Packet 
Radio Handbook, available from the ham radio Book¬ 
store for $14.95 plus $3.50 shipping and handling. 

ham radio 
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The World at four Fingertips 


Only ICOM brings the world Into 
your living room...HF, VHF, UHF. and 
low band receptions. ICOM is the pro¬ 
fessional's choice to receive interna¬ 
tional broadcasts, aircraft, marine, 
business, emergency services, televi¬ 
sion, and government bands. Tune in 
with ICOM s IC-ft7000 25-2000MHZ* 
and IC-R7IA 0.l-30MHz commercial 
quality scanning receivers for full spec¬ 
trum coverage. 

Incomparable Frequency Control. 
Both the IC-R7IA and IC-R7000 feature 
direct frequency access via their front 
keypad, main tuning dial, optional infra¬ 
red remote control and/or computer in¬ 
terface adapter Flexibility of this na¬ 
ture can only be accomplished with an 
ICOM' 

Full Coverage. Maximum Perform¬ 
ance. The superb IC-R7IA is your front 
row seat to worldwide SSB. CW. RTTY. 
AM. and FM loptionall communications 
and foreign broadcasts in the 100kHz to 
30MHz range It features passband, IF 
Notch, low noise mixer circuits, and 
lOOdB dynamic range The pacesetting 
IC-R7000 receives today's hot areas of 


interest, including aircraft, marine, pub¬ 
lic services, amateur, and satellite trans¬ 
missions in the 25MHz to 2000MHz* 
range It includes all mode operation 
low noise circuits plus outstanding sen¬ 
sitivity and selectivity. The combined 
IC-R7IA/IC-R7000 pair creates a full ra¬ 
dio window to the world! 
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The IC-R7IA is a shortwave lis¬ 
teners delight Its 32 tunable memo¬ 
ries store frequency and mode informa¬ 
tion. and they are single-button repro¬ 
grammable Independent of VFO A or 
VFO B's operations! This HF reception 
is further enhanced by a dual width and 
level adjustable noise blanker, panel se¬ 
lectable RF preamp, selectable AGC, 
four scan modes, and all-mode squelch 


The IC-R7000 is a high band moni¬ 
tors masterpiece Its 99 tunable mem¬ 
ories are complemented by six scan¬ 
ning modes It even scans a band and 
loads memories 80 to 99 with active fre¬ 
quencies without operator assistance! 
Additional features include selectable 
scan speed and pause delays, wide/nar¬ 
row FM reception, and high frequency 
stability Many professional services use 
IC-R7000's as calibration references. 

Options. IC-R7000: RC-12 remote 
control, EX-310 voice synthesizer. CK-70 
DC adapter. MB-12 mobile bracket. 
IC-R7IA RC-II remote control. EX-310 
voice synthesizer. FM module. CK-70 
DC adapter. MB-12 mobile bracket, 
FL-32A 500Hz. FL-63A 250Hz. and 
FL-44A filters 

See the IC-R7000 and IC-R7IA at 
your local authorized ICOM dealer. 

• Spedlli alions ot IC-R7000 guaranteed Irom 
2S-IOOOMHZ and I260-HO0MH/ No coverage Irom 
I0OO-I02SMH* 
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ICOM 



ICOM America. Inc.. 2380-116th Ave N E , Bellevue. WA 98004 Customer Service Hotline’(TOG) 454-7619 
3150 Premier Drive. Suite 126. Irving. TX 75063 / 1777 Phoenix Parkway. Suite 201. Atlanta7aA30349 
ICOM CANADA. A Division of ICOM America. Inc. 3071 - 45 Road Unit 9. Richmond. B C V6X 2T4 Canada 

All stated specifications are approximate and subject to change without notice or obligation All ICOM radios significantly exceed FCC regulations limiting spurious omissions RCVRSS87 
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NEW ENGLAND'S FACTORY - 
AUTHORIZED SALES & SERVICE 
EOR 

KENWOOD E37com 


KENWOOD 

SHE THE NEW 
POC KET PORTABLE 

1 H-25 AT 

FOR THE HAM 
WHO MISSED OUT 
AT CHRISTMAS 
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displaying the popular accessories needed to complete a HAM STATION . . . 

ARRI. PUBLICATIONS • AEA PRODUCTS • AMPHENOL 
• ALPHA DELTA • ASTRON • AUSTIN ANTENNAS • AVANTI 
• BELDEN • BENCHER • B & VV • DAIWA • AI.INCO 
• HUSTLER • kl.M • LARSEN • MIRAGE • ROHN 

• TELEX/HY-GAIN • TOKYO HY-POWER LABS 

• TRAC KEYERS • VIBROPLEX • WELZ • ETC. 

OPEN SIX DAYS A WEEK 


Telephone 617/486-3400, 3040 

675 Great Rd., (Rte. 119) Littleton, MA 01460 
174 miles from Rte. 495 (Exit 31) toward Groton, Mass. 


DOWN EAST MICROWAVE 



MICROWAVE ANTENNAS AND EQUIPMENT 

• Loop Yegi* • Power Divider* • Linear Amplifier* • Complete 
Amy* • Mlcrowev* Tran*verier* • QaAaFET Preamp* 

• TROPO • EME • Week Signal • OSCAR • 902 • 1269 • 1298 

• 2304 • 2400 • 3466 MH* 

2345 LY 45*1 loop Y eg I 1296 MH> 20dBI 693 

1346 LY 46*1 loop Y eg I 2304 MHi 20dBt 660 

3333 LY 33*1 loop Yeg! 902 MM* l6 5dBI 693 

Above aniennae assembled and leated Kll* available 
All Aluminum end Stainl*** Conilrucllon 
Add 66 UPS S/H. 611 Weal of tr>* Mississippi 
2316 PA Linear Amp 1W In IBWoul 1296 MHi 13.6V 6246 ppd 
2336 PA Linear Amp 10W In 36W out 1296 MHi 12.6V 6295 ppd 

NEW! MICROWAVE TRANSVERTERS 
BY LMW ELECTRONICS 

iminvaOftW G.AUtl I n S«qiMi>tn Output Mrf*< 556* 
JJ04TBV?O 2W GiAdtl T B SvquvncM Output U.t*. 5*4* 


Add SO for shipping UPS/48 
Stripped down version, kits also available 
Write For FREE Cstelog 
DOWN EAST MICROWAVE 
■■■ Bill Oleon. W3HQT 

Box 2310 RR 1 Troy ME 04987 
(207) 948*3741 


Factory-less, 

jumper-less, 

ROM-less programming. 



With the new S-COM 5K Repeater 
Controller, you'll be able to configure 
your repeater remotely — using DTMF 
commands Only the 5K offers this 
capability for |ust $189. wired and tested 

S-COM Industries 

PO Box 8921 
Fort Collins, CO 80525 
(303) 493-8316 
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GENERATE YOUR OWN 
AMATEUR RADIO 
EXAM 

ALL ELEMENTS 

Novice through Extra with the 
latest Exam syllabus questions. 

Use MS-DOS, IBM compatible, 
computers 

$19.95 per element post-paid 

contact: 

DeVRY AMATEUR 
RADIO SOCIETY 

3300 N. Campbell 
Chicago. ILL 60618 
(312) 929-8500 ex 2221 
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designing a station 

for the microwave bands: 

part 1 


Easing your way 
into a new frontier 

In many respects, the microwave bands represent 
a frontier for Amateurs; above the more familiar re¬ 
gions of VHF and UHF, they're often thought of as 
a magic domain. Like any physical frontier, they hold 
promise of untapped possibilities along with seemingly 
insurmountable barriers. Fascinating in attraction, they 
hold out hope for open space as the lower bands be¬ 
come full and, ultimately, overcrowded. 

Although the microwave bands are often considered 
useful only for short range contacts where both sta¬ 
tions are within line of sight of each other, microwave 
DX contacts are possible, often over paths which are 
anything but visual. One of the first surprises I en¬ 
countered on 10 GHz was being able to clearly copy 
a 10-milliwatt transmitter by means of scatter off a 
mountain visible to both receiver and transmitter. The 
mountain was about 6 miles from both stations, and 
the direct path was blocked by another mountain. An¬ 
tennas were a 4-foot dish on one end and a palm-sized 
horn on the other. Try that on VHF or below with simi¬ 
lar sized antennas and equivalent power! 

Such contacts aren't limited to scatter from moun¬ 
tains. Microwave communications over extremely long 
distances are possible via tropospheric and marine 
ducting even when lower frequencies are not. The cur¬ 
rent 10-GHz world's record of over 1000 miles bears 
testimony to this. Commercial jetliners offer a large 
enough (scattering) cross section to be usable for 


beyond-the-horizon contacts. Even more generally 
useful, the same tropospheric scattering that provides 
over-the-horizon communication at VHF is in effect 
at microwave frequencies. Moonbounce echoes with 
only a few tenths of a watt of transmitter power have 
recently been reported at 10 GHz. 

At least part of the secret of these seemingly impos¬ 
sible modes of propagation lies in the high antenna 
gains available with physically smaller, and therefore 
realizable, antennas. Virtually all of the available trans¬ 
mitter power may be focused into a pencil-like beam. 
This can provide more signal to a distant receive an¬ 
tenna than would be possible with antennas of the 
same size at lower frequencies. This may mean, for 
example, that it would require 100 watts at 144 MHz 
to provide the same received signal level in 4-foot an¬ 
tennas that 0.1 watt can provide on 10 GHz! 

Another part of the secret is narrowband operation. 
In the past, most Amateur microwave operation was 
accomplished with free-running, unstable oscillators. 
This method required wide receiver bandwidths to ac¬ 
commodate the transmitted signal. In addition, the re¬ 
ceive local oscillator was often the same one used on 
transmit, which further increased the necessary band¬ 
width. While this approach was simple, signal-to-noise 
ratios were degraded by the additional noise present 
in the wider bandwidths. Reducing communications 
bandwidth from, say, 300 kHz to 3 kHz provides the 
same improvement in signal-to-noise ratio as increas¬ 
ing transmitter power from 1 watt to 100 watts — 
i.e., 20 dB. 

Admittedly, there are difficulties in building and 
operating an Amateur station in the microwave bands. 

By Glenn Elmore, IM6GN, 3528 Deerpark Drive, 
Santa Rosa, California 95404 
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fig. 1. Microwave SSB is generated by converting a 20-30 
MHz SSB transceiver first to 280-290 MHz and then to 
the microwave band using a microwave LO and mixer. 
A microwave bandpass filter removes unwanted mixing 
products. 


but the excitement of these new regions and the 
chance for new records and discoveries certainly 
should draw some of us to further exploration. 

As one goes higher in frequency, the number of 
components that provide gain and power is limited. 
In addition, maintaining stable and accurate frequen¬ 
cies as well as pointing high-gain antennas accurate¬ 
ly are problems to be overcome. The point-to-point 
nature of microwave DX tends to reduce the likelihood 
of random contacts. "Round table" QSOs with many 
stations in different locations may require innovations 
in Amateur networking, but progress in these areas 
is currently being made at lower frequencies as digi¬ 
tal Amateur radio progresses. The store-and-forward 
bulletin boards and network nodes currently being 
used in Amateur packet radio are steps toward a more 
complete information handling structure. Increased 
traffic over these channels requires higher data rates 
and more bandwidth becomes necessary. As our 
channels support higher information rates, digitized 
voice and other linear modes can be used. The avail¬ 
able spectrum and point-to-point nature of microwave 
DX links make them ideal for such operation. As Ama¬ 
teur packet radio becomes increasingly popular, im¬ 
plementation of high-speed microwave "backbones" 
for long-distance cross-country communication be¬ 
comes an attractive possibility. 

design approach 

This article describes one approach to designing and 
implementing a station for the Amateur microwave 
bands (as well as the two highest UHF bands, 1296 
and 2304 MHz). The intent is to promote interest and 
show how to build a station that can provide all-mode 
contacts over significant distances. CW, SSB, and 


NBFM are obvious initial choices, but digital and video 
modes can be used as well, since the entire system 
supports linear signal frequency translation. 

This open-ended approach minimizes complexity by 
taking advantage of readily available components and 
equipment. The intent is simply to demonstrate a prac¬ 
tical way for more Amateurs to get on the microwave 
bands. 

The bulk of this series focuses on generation of 
stable and precise local oscillator signals, since this is 
a primary hurdle that must be crossed for any narrow- 
band operation at microwave frequencies. The local 
oscillator, a mixer, and an antenna are the minimum 
requirements for converting low-frequency Amateur 
transmitters and receivers for microwave operation. 

Real communications over significant distances are 
indeed possible with this minimal station. The basic 
station doesn't have to be expensive. Receive preamp¬ 
lifiers and transmit amplifiers may be added at very 
little cost, and the recent availability of low-noise amp¬ 
lifiers in the 4-GHz range makes a good low-noise, 
moderate-power (by microwave standards) station ac¬ 
tually affordable. QSOs over hundreds of miles are 
possible with such equipment and just a small, rea¬ 
sonably priced dish antenna. For less than the cost 
of a 2-meter fm transceiver, one may assemble a 
station capable of providing microwave DX and the 
excitement of participating in the exploration of still- 
uncharted regions of the radio spectrum. A block 
diagram for generating microwave SSB is shown in 
fig- 1. 

A secondary goal of this article is to demonstrate 
a way to put a high-performance station on the micro- 
wave bands with as little test equipment as possible. 
Wherever possible, rf technology replaces complex 
microwave hardware. I've tried to use commonly avail¬ 
able parts wherever possible, and kept the number of 
pc boards to a minimum by the use of common cir¬ 
cuits. Only two microwave circuits, the mixer and PLL 
downconverter, have to be built, since the oscillator 
— a Gunnplexer™, for example — can be obtained 
commercially or as surplus (look for motion detectors 
and automatic door openers). Except for these, the 
entire station is assembled from standard VHF or lower 
frequency components and circuits. 

I'd encourage anyone interested in getting on the 
microwave bands to seek out other interested Ama¬ 
teurs. Small users groups can be a great help in get¬ 
ting started and maintaining enthusiasm. They're also 
a good way to share not only measurement equip¬ 
ment, but expertise. 

local oscillator 

As shown in fig. 1 , the basic blocks for a micro- 
wave station are the signal mixer, a bandpass filter to 
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Morgan Hill, ( A 

NEW IMPROV El) IIEAT SINKS FOR 
AI.L MIRAGE AMPLIFIERS 

One of the biggest problems with ininsistor 
amplifiers is thermal overload during ex¬ 
tensive key down operation (he amplifier xxill 
shut down due to excessive transistor heat 
build up. MIRAGE’S new heat sink uses a 
special manufacturing process to imbed cop¬ 
per in the aluminum body. Copper is 2.5 
times more conductive than aluminum and 
ensures more rapid and even heal dissipation 
throughout the heat sink. By reducing the 
amount of heat in the amplifier, transistor hie 
has been significantly improved. The extra 
margin ol safely means you don't have to 
worry about shut down during long w inded 
FM conversations or RTI V operation 


MNMMM 

COMMUNICATIONS EQUIPMENT,INC 


Morgan Hill. C’A 

NEW VaiWAIT2 MFriER AMPLIFIER 

Here's a new amplifier active 2 meter oper¬ 
ators w ill want' Designed with the DX'er hi 
mind, the new B30.36 amplifier gives a lull 
36(1 watts output with just 30 walls of drive 
power Also includes a low noise (.5dBl 
GaAs I I T pre-amplifier with a helical 
resonator front end. Uses MIRAGE'S new 
copper aluminum high dissipation heal sink 
with built in fan for extra protection and heat 
translei The unit measures approximately 
13" x 5 Hi " and is powered by 13.6 volts DC 
at 40 amps. Carries the MIRAGE live year 
warranty, one year on transistors. 


Morgan Hill. CA 

MEANT 1)1 I N BOOM FOR LARGE HF 
ANTENNAS 

Designed to meet Ihe challenge of the 
severest of weather conditions. KI M now 
offers a heavy duty boom for its line of HF 
antennas. The boom is a 3" diameter by .25” 
wall si/e piece of aluminum Instead of 
swedged ends lo join pieces, the hear y duty 
boom uses splice sections that insert into the 
boom The splices are made from the same 
rugged aluminum as the boom and are de¬ 
signed to meet or exceed the most demand 
ing Amateur requirements. Contact your 
KIM dealer lor this special order item 


/KLM 


P .0. BOX 1000 MORGAr 

(408) 779-7363 

(800) 538-2140 (outside CA) 


MORGAN HILL. CA 95037 


^ CADDELL ^ 
** 2 * COIL CORP. ^ 


35 Main Street 
Poultney. VT 05764 
802 287-4055 


BALUNS 

Get POWER to your antenna' Our Baiuns are 
already wound and ready for installation in your 
transmatch or you may enclose them in a 
weatherproof bo* and connect them directly at 
the antenna They are designed tor 3 30 MH/ op 
oration (See ARRL Handbook pages 19 9 or 
6 20 for construction details) 

| '00 Mall 14 I »i *1 011 ' Impftifnir I on«| *« 

Unnmti TranimalcJ) ' KW (4 < importancei t 

Uruvaita’ TrantmaicK ? KW (4 i impedance) i 

Umverul Trantmalch I KW|b Ml wH mI«<I imwi I 

OntvfMl Tianomalth } KW |( 1 *1 a I I v*le» i one I 1 

Pleaso send largo SASE lor into 


NO TUNERS! 
NO RADIALS! 
NO RESISTORS! 
NO COMPROMISE! 
THREE EX( ELEENI KEVIFWSIUST 
DON'T HAPPEN BY CHANGE. 

( AI L US FOR A FREE ( ATALOGUE. 

An ri-MPW inC )i I l'MM 

1»W*. * Win It “t MMWt 

NEW LOCATION! 

BILAL COMPANY 
137 Manchester E)r. 4^* 
Florissant, Colo. 80816 

(303) 687-0650 163 




BETTER FILTERS-BETTER PRICES! 

Big adsare cosily Small ones don't tell ihe 
whole story but help us reduce prices of 
our top-rated FOX TANGO 8 pole tillers 
lor Kenwood. Yaesu. Drake. Healh. and 
Collins Gel full into by sending an SASE 
lor our complete Price List and Information 
Sheets Save 10% or more on all our fillers 
Or order tromourdrop-in Super-Specials 
below Discounts apply only to present 
limited stock Check availibility/order 
by phone No COD's—VISA/MC orders 
gel priority Shipping US $5. Canada $6, 
Other $13 

BRAND MODEL MODE BANDWIDTH IF PRICE OFF 
YAESU M 10? C.Y i;>50 400H.-I 455MH,' $75 20% 

Ft 101 '.SB I? 1 & ? 4kH/l 3 18 $60 20% 

M 101/0,I0/.901 7 18k 8 98/5 SCO 30% 
ft 9801 Z?6 <;w 1 51X81."I 455 S/5 25% 

FT .'OOirimpnil CW iSOOH/i 9M S60 25% 
FI 10t// I250H/ 2 I ? 4kM;i 9M $60 25% 

Ft 560 401 SS8 U8/?4kH;i 3 18 S/0 33% 

ICOM 1C "40/74 /50 CW I500H. 455 $85 20% 

KENWD 15520 I/50HWI 8.7 IkH/l 3 395 Still UP‘,i 
TS830lonly) CW (400H;) 455/ S110 30% 

OHAKE H U SSM It 8.mil? IkH.'l 5 695 $65 ?5“» 

HEATH SB 104A CW |400H’I 3 395/kH; $65 40% 

Ail model* SSB (I8S2 1I 3 395 $65 25% 

Improve your selectivity by filter cascading, 
or by replacing your present aging filler 
wiih one ol narrower bandwidth Like Ihe 
ARRL. use lire 9mHz FT-301's lor home¬ 
brew projects Use Ihe bargain SB-104A 
CW lor any Healh rig by changing one 
crystal, instructions supplied 

FOX TANGO CORPORATION 

Bo* 15944. W Palm Beach. FL 33416 
Telephone (305)683-9587 


WACOM 

DUPLEXERS 


Ou» Exclusive Bandpass Ri*|erl Duple «crs 
With Our Patented 

B d b, circuit- filters 

T . rT 


provide superior ^ 
performance 
especially at dose 
frequency separation 

Models available for 
all commercial and 
ham bands within Ihe 
frequency range of 30 
lo 960 MH/ 




i-itfi'i 

817/848-4435 

WACOM 

PRODUCTS. INC 

PO BOX 21145 

WACO. TEXAS 76702 • 817/848-4435 
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Table 1. Combinations of a few basic reference signals allow great flexibility in generating phaselocked microwave 
signals. Combinations using a 1010 MHz reference allow access to every amateur microwave band, using either a 
280-290 MHz or a 420 440 MHz SSB i-f. 


Reference signals 


ref osc frq 

= (harm x ref) * PLL i f 

lOstd 

100 rcf 

quartz standard in proportional oven 
100,10 x 10 std +0 

(decade divider instead of i- 

150 rBl 

3 x (100„, / 2) 

20, e f 

100,,, / 5 

30, e , 

3 x 10 strt 

10 ref 

20,„ / 2 

4 0 r ef 

20,x 2 

8,ef 

40,/ 5 

330 re( 

(3 x 100„,) ¥ 30„, 

990, ef 

110 x 100,,,) 10„, 


or 3 x 330„, 

992, 

(10 x 100,,,) 8„, 

1008, ef 

(10 x 100„,) + 8„, 

1010 ref 

(10 x 100,,,) 1 10,,, 


Microwave Local Oscillators 

hf SSB dial 





SSB i-f 

1260 MHz 2nd LO) 

Band 1st LO 

= (harm x ref) + PLL i f 



1296 

1008 - 

1008,,, directly 

288 MHz 

28 MHz 


1010 - 

1010,,, directly 

286 MHz 

26 MHz 

2304 H" 

2016 = 

2 x 1008, c( 

288 MHz 

28 MHz 

2304 H 

2020 = 

2 x 1010, e , 

284 MHz 

24 MHz 

L 

2020 - 

20 x 100,,, + 20 r< , 

284 MHz 

24 MHz 

3456 H 

3030 •--- 

3 x 1010,,, 

426 MHz 


L 

3020 

30 x 100,,, ¥ 20„, 

436 MHz 

436 MHz SSB 

L 

3020 

3 x 1010,- 10„, 

436 MHz 

436 MHz SSB 

5760 H 

6048 = 

6 x 1008, el 

288 MHz 

28 MHz 

5760 H 

6060 - 

6 x 1010„, 

300 MHz 


L 

6020 - 

60 x 100„, * 20, 0 , 

280 MHz 

20 MHz 

L 

6020 - 

6 x 1010,,,, - 40,,., 

280 MHz 

20 MHz 

10368 H 

10080 

- 10 x 1008,,, 

288 MHz 

28 MHz 

10368 L 

10080 

10 x 1010,- 20,„ 

288 MHz 

28 MHz 

24192 H 

23760 - 

24 x 990,,, 

432 MHz 

432 MHz SSB 

24192 L 

23760 - 

24 x 992, ( , - 48 

432 MHz 

432 MHz SSB 

24192 L 

23910 - 

- 24 x 990„ t - 150, pt 

282 MHz 

22 MHz 

L 

23910 

24 x 1010,,, - 330,,, 

282 MHz 

22 MHz 
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Wide Dynamic Range and Low 
Distortion - The Key to Superior 
HF Data Communications 


Dynamic Range > 75 dB 
400 to 4000 Hz 
BW Matched to Baud Rate 


BER < 1 X 10 5 for S / N = 0 dB 
10 to 1200 Baud 
Linear Phase Filters 



ST-8000 HF Modem 


distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the Input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwidths of the input, Mark/Space channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud Other 
standard features of the ST-8000 include: 


Real HF radio teleprinter signals exhibit heavy 

fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000, 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor is at -65 dBm, not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 


FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5" High Rack Mounting 


Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remote Control I/O 
100-130/200-250 VAC. 44-440 Hz 
AM or FM Signal Processing 
32 steps of M/S filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 


8 Programmable Memories 
Set frequencies In 1 Hz steps 
Adjustcble Print Squelch 
Phase-continuous TX Tones 
Split or Transceive TX/RX 
CRT Tuning Indicator 
RS-232C, MIL-188C, orTTL Data 
8,600, or 10K Audio Input 


Write or call for complete ST-8000 specifications 



HAL Communications Corp. 

Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 


Reader Service CHECK OFF Page 106 


CIRCLE 24 ON READER SERVICE CARO 
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Early Reservation Information 


• Giant 3 day flea market • Exhibits 

• License exams • Free bus service 

• CW proficiency test • Door prizes 

Flea market tickets and grand banquet tickets are 
limited. Place your reservations early, please. 

Flea Market Tickets 

A maximum of 3 spaces per person (non-transferable). 
Tickets (valid all 3 days) will be sold IN ADVANCE 
ONLY. No spaces sold at gate. Vendors MUST order 
registration ticket when ordering flea market spaces. 

Special Awards 

Nominations are requested for ‘Radio Amateur of the 
Year", ‘Special Achievement’ and ‘Technical 
Achievement’ awards. Contact; Hamvention Awards 
Chainnan, Box 964. Dayton. OH 45401. 

License Exams 

Novice thru Extra exams scheduled Saturday and 
Sunday by appointment only. Send FCC form 610 
(Aug. 1985 or later) - with requested elements 
indicated at top of form, copy of present license and 
check for $4.35 (payable to ARRL/VEC) to: Exam 
Registration. 8830 Wind bluff Point, Dayton, OH 
45458 


Hamvention Video 

VHS video presentation about the HAMVENTION is 
available for loan. Contact Dick Miller, 2853 La 
Cresta, Beavercreek. OH 45324 

1988 Deadlines 

Award nominations: March 15 
Lodging: April 2 
License Exams: March 26 
Advance Registration and banquet: 

USA - April 4 Canada - March 31 
Flea Market Space: 

Orders will not be processed before January I 
Information 

General Information: (513) 433-7720 
or. Box 2205, Dayton, OH 45401 
Flea Market Infonnation: (513) 898S87 1 
Lodging Information: (513) 223-2612 
(Ho Reservations By Phone) 

Lodging 

Reservations received after Housing Bureau room 
blocks are filled will be returned along with a list of 
hotel/motels located in the surrounding areas of 
Dayton. The reservation will then become the 
responsibility of the individual. 


HAMVEMTIOrt is sponsored by the Dayton Amateur Radio Association Inc. 


Lodging Reservation Form 

Dayton Hamvention - April 29, 30, May 1, 1988 
Reservation Deadline - April 2, 1988 


Name 


Address 
City_ 


Phone 


State 

Zip 

(/> | 

Citv 

State 

Zip 



- (/> • J 

§1 

How Many 



Arrival Date_ 

( ) Before 6 pm 
Departure Date_ 


) After 6 pm 


H 

s 


Rooms: ( ) Single ( ) Double (1 bed, 2 persons) 

( ) Double Double (2 beds, 2 persons) 

Deposit required - Room deposit must be paid directly to 
the hotel or motel by date shown on the confirmation form 
sent to you. Use canceled check for confirmation. 


Mail to - lodging,Dayton Hamvention, 1880 Kettering 
Tower, Dayton, OH 45423-1880 


Advance Registration Form 

Dayton Hamvention 1988 

Reservation Deadline - USA-April 4, Canada-March 31 


Name 


Address 


Admission 
(valid all 3 days) 
Qrand Banquet 
Women's Luncheon 
(Saturday) 
(Sunday) 

Flea Market 
(Max. 3 spaces) 


@ $ 8 . 00 * 
@$16.00“ 


$_ 


Admission ticket must 
be ordered with flea market tickets 


@ $6.75 $_ 

@ $6.75 $_ 

$23/1 space 
$50/2 adjacent 
$150/3 adjacent $_ 
Total $_ 


■ $10.00 at door “ $18.00 at door, if available 

Make checks payable and mail S.A.S.E. to - 
Dayton Hamvention, Box 2205, Dayton, OH 45401 







DISCOUNT PRICING 

• Panasonic CCTV 

• Wireless & Hardwired 
Alarm Systems 

• Experienced 

• State Licensed 
For More Information 

DETECTION 

DYNAMICS 

4700 LOYOLA LANE. #119 


k\l HF 

COMMUNICATIONS 


INTRODUCING 
W2DR2 VHF/UMF MODULES 

NOW available 

ICOM ALA LARSEN VAN GORDEN 
VIBROPLE X NYE VIKING FALCON 
COMM. LEADING EDGE ARRl PUBLI 
CATIONS KAGLO HAMTRONICS 
PROWRITER ELEPHANT DISKS, 
DEBCO TRfONYX 


91b North Main Street 
Jamestown, New York 14701 


Y-mJ < fu mt f 


PH.(716)664-6345 


COMPLETE SYSTEM 

Incl Monitor & Printer 
w/20 meg Hard Drive 


• 4 77-8 mhz 

• 360K DD 

• Monitor/Printer 
Card 

• AT/XT Keyboard 

• Samsung TTL 
Amber Monitor 
w/Tilt & Swivel 


• 150 Watt P/S 

• Star NP-10 
Printer 

• 1 Yr Limited 
Warranty 

• 640K Ram 

• Floppy Cont 

• 20 meg H/D 


"See us at the Tropical Hamboree 
February 6 & 7, 1988. " 

WORLD DATA ENTERPRISES 
1 - 800 - 634-3547 
( 305 ) 551-4023 

P.O. BOX 652737 MIAMI. FL 33265 

•PLUS S/H Assembled in USA 




$799* 

COMPLETE SYSTEM 

Incl Monitor & Printer 


• 4 77-8 mhz • 150 Watt P/S 

• 2-360KDD • Star NP-10 

• Monitor/Printer Printer 

Card • 1 Yr Limited 

• AT/XT Keyboard Warranty 

• Samsung TTL • 256K 

Amber Monitor • Floppy Cont 

w/Tilt & Swivel 

"See us at the Tropical Hamboree 
February 6 & 7, 1988." 

WORLD DATA ENTERPRISES 
1 - 800 - 634-3547 
( 305 ) 551-4023 

P.O. BOX 652737 MIAMI. FL 33265 

’PLUS S/H. Assembled in USA 


SECURITY 

SYSTEMS 




Now that , 
you can speak, 

talk to Larsen. 

Novice Enhancement opens up a 
whole new way for novices to com¬ 
municate. To make the most of it, talk 
to Larsen Electronics. 

We'll tell you how Larsen antennas 
can greatly improve your powers of 
communication. We'll also explain 
how Larsen 220 and 1296 MHz 
antennas are designed to give you 
the best performance. 
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516 Mill Street N.E., Vienna, VA 22180 
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STORE HOURS (Eastern): 
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Electronic Equipment Bank—Order Toll Free 800’368-3270 


NOVEX 701 HANDSET DATONG AUTOMATIC HANDHELD SCANNER 


NOTCH FILTER 


* Automatically notch out —— 

heterodynes, whistles. ■ 

• Get rid of ‘tuner-uppers’ 
on NET frequencies. 

• I second is typical lock 
time/covers 270 Hz to 3.5 Khz. 

* Auto/Manual operation in 
Notch or Peak modes 

ANF...S119.95 ♦ 54 ups 


• Handsel w/PPT switch. 

• Bracket w/DTMF, speaker & 
volume controls. 

• Upgrade your 'mobile’ image! 

Specify YAESU. ICOM or KENWOOD. 

HSC701Y. I or K...$79.95 ♦ $4. ups 


DATONG MULTIMODE 
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LAPEL 

MIC! 


m * 

ADONIS 
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(battery not included). 
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INTRODUCTORY SPECIAL...S39.95 


DOCKING BOOSTERS 


• GnAs F ET preamp 
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YAESU from! 

$169.95 and up! 
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DMC537Y. I or K...$19.95 . 54 ups' 
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computer for CW.RTTY.ASCII,AMTOR, 
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♦ The PK 232 is THE UNIT to buy! 

EEB includes the AC Adapter 
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1988 CATALOG 

SHORTWAVE! 

CALL OR WRITE TODAY! 

36 Pages over 300 items for the SWLer! 


220 MHz! 


• Covers NOVICE 220 Mill band! 

• 16 MemoriesVScanmng. 

• Delay/Lockout/Priority. 
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KrmMmM 
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' If you need an audio filter this is it! 
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Tor YAESU FRG6600: 
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• WA965...$109.95,30 MHz - i.s GHz. 

• Control console for ease of operation 
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CC965...$119.95 
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• FC965DX, FC1300, WA965 & FC7000 can be 
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DIPMETER 
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* 6 plug-in coils. . 
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'73' Magazine (nov, 87) 

DM-4061...$79.95 + 


RF SIGNAL GENERATOR 
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SWR/RF ANTENNA METER 
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EEB 
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• Shipping charges not Included 
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remove unwanted mixing products, and the micro- 
wave local oscillator, Transmit and receive amplifiers 
are optional. Of these blocks, the local oscillator is 
probably the most complex. The problem of generat¬ 
ing a stable local oscillator in the microwave bands 
may be solved in more than one way. Certainly an ob¬ 
vious method is to adopt the same techniques used 
at lower frequencies and traditional in Amateur VHP 
and UHF construction. That is, one may simply start 
with a high quality quartz oscillator — perhaps in the 
100-MHz vicinity, since crystal oscillators there can 
have good spectral purity — and multiply up to the 
final microwave frequency selected. One problem with 
this is the necessity of including an active device and 
filter in each harmonic stage. If too high a harmonic 
number is used, it may be difficult to separate the pre¬ 
ferred harmonic from the undesired ones around it. 
Even if suitably high Q filters are available, the extra 
complexity and amplifier power necessary to gener¬ 
ate sufficient energy to operate a mixer is undesirable. 
This approach also isn't very versatile, since modify¬ 
ing oscillator fundamental frequencies, not to mention 
a whole string of harmonic filters, makes significant 
QSY extremely difficult. In addition, signal levels and 
multiplier stage gains need to be controlled to avoid 
multiplying broadband noise and degrading the ulti¬ 
mate microwave signals. 

One alternative to frequency multiplication is to 
directly phase lock a microwave oscillator with a 
phase-locked loop (PLL). This is particularly interest¬ 
ing because when pushing any active device to its up¬ 
per frequency limit, an oscillator may be built even 
when frequency multipliers and amplifiers aren't pos¬ 
sible. A phase-locked oscillator may be used to pro¬ 
duce a signal at frequencies where few active devices 
are available. Since suitable oscillators are readily avail¬ 
able both commercially and on surplus markets, phase 
lock is an attractive possibility for Amateur operation 
that requires a minimum of microwave equipment con¬ 
struction. 

Normally, to phase lock an oscillator, a signal that's 
a sample of the oscillator is compared to a high-sta- 
bility reference signal. A loop amplifier is then used 
to steer, or "lock" the oscillator in step with the refer¬ 
ence signal. A block diagram for phase locking an os¬ 
cillator is shown in fig. 2A. The "phase sample" may 
be the oscillator signal itself, a frequency-divided or 
a frequency-converted version of it, as long as phase 
information is retained. Using the oscillator signal it¬ 
self would require that the reference signal already be 
the desired stable signal. Using a divided signal would 
require dividers that operate at the oscillator frequen¬ 
cy, but microwave frequency dividers aren't yet Ama¬ 
teur junk box items! 

In its simplest form, frequency conversion presents 


the same disadvantage as using the oscillator signal 
directly — a precise microwave signal must already 
be available. However, it's possible to use a harmon¬ 
ic mixer to downconvert the oscillator signal (see fig. 
2B). Such a mixer mixes the oscillator signal with a 
harmonic of a much lower frequency reference. This 
lower frequency reference signal may itself be pro¬ 
duced by PLL techniques. 

If phase lock is achieved by harmonic downconver- 
sion, the phase comparison may be accomplished at 
low i-f frequencies where gain is easy to come by and 
measurements are far easier to perform. Additional¬ 
ly, the harmonic converter need not have particularly 
low conversion loss, since only a reasonable signal- 
to-noise ratio is sufficient, the absolute signal level can 
easily be modified with i-f amplifiers. This is in con¬ 
trast to harmonic multiplication, which requires 
enough drive at each stage to drive the active device 
or mixer into its nonlinear region. Step-recovery diode 
multipliers often need several hundred milliwatts of 
drive to function properly. Harmonic downconverters 
may need only 10 to 50 milliwatts of lower frequency 
drive, a much easier proposition. Additionally, phase- 
locked oscillators don't usually require filtering to re¬ 
move unwanted signals as do multiplied oscillators, 
as long as the reference frequency components are 
suitably reduced by the loop filter. 

Any available microwave oscillator may be used as 
long as a means of electronic tuning that will allow 
correcting the frequency over a range which is larger 
than the drift caused by mechanical and environmen¬ 
tal factors can be found. Many Gunn diode oscillators 
may be tuned by slight adjustments to their power sup¬ 
ply voltage. Other oscillators, such as the Gunnplex- 
ers made by M/A-Com, have an electronic tuning 
input. The PLL bandwidth must alsef be sufficiently 
high to clean up the oscillators' instabilities acceptably. 
It must be possible to modulate the microwave oscil¬ 
lator at frequencies a few times higher than this loop 
bandwidth for good loop stability. The bandwidth is 
easily adjusted by changing the PLL loop parameters, 
and usually something in the tens of kHz area is ade¬ 
quate. Because any local oscillator must be stable and 
accurate, the PLL is automaticlly a suitable choice in 
this respect. If all oscillators in a system can be refer¬ 
enced to one precision (preferably ovenized) reference 
oscillator, the best in frequency stability and accuracy 
may be obtained. 

common oscillator circuits 

After many years of VHF and UHF construction, 
there are two kinds of circuits I've gotten tired of build¬ 
ing: one is power supplies (especially those with tubes) 
and the other is local oscillator/multiplier strings. Al¬ 
though using a PLL can simplify local oscillator con- 
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struction, there are several microwave bands, and it's 
best to avoid duplication of circuits as much as pos¬ 
sible. To simplify multiband stations, many microwave 
enthusiasts are adopting a scheme using a 288-MHz 
SSB/CW i-f and local oscillators derived from a 
1008-MHz precision source. All of the Amateur micro- 
wave bands except 24 GHz may be reached by mix¬ 
ing either 288 MHz or 432 MHz with a harmonic of 
1008 MHz and selecting the appropriate sideband. 

I've chosen a modification of this approach that uses 
1010 MHz and a 280- to 290-MHz VHF intermediate 
frequency. Allowing slight deviation of the signal i-f 
from 288 MHz can also allow the MHz digit on the hf 
signal source to indicate correctly. For example, for 
operation on 2304 MHz, the hf transceiver is tuned to 
24 MHz, giving an i-f of 284 MHz. This signal mixed 
with two times 1010 MHz gives 2304 MHz, and the 
MHz digit of the hf rig displays the MHz of the output 
frequency correctly. Since many of the newer trans¬ 
ceivers will operate in transverter mode over 20 to 30 
MHz, this approach seems to be suitable. 

Table 1 shows some alternatives for generating sig¬ 
nals on the microwave calling frequencies using this 
phase-locking approach. The reference signals are all 
derivatives of the 10-MHz standard oscillator. Phase 
lock is obtained by mixing a harmonic of a reference 
signal with the local oscillator to produce a PLL i-f fre¬ 
quency. This PLL i-f is then locked to a reference sig¬ 
nal, producing a phase-locked local oscillator signal 
which can then be used to convert the 280- to 290- 
MHz VHF i-f to and from the preferred microwave 
band. The VHF i-f is generated using a 260-MHz 
phase-locked LO and the 20- to 30-MHz range of the 
SSB transceiver. 

Also shown are some more traditional multiplying 
approaches for achieving a microwave LO. 

Notice that the 1010-MHz phase-locked approaches 
all provide correct readout of the MHz digit of the SSB 
source. This may be of little concern for operation on 
only one microwave band, but since one LO system 
can effectively put you on all the microwave bands, 
frequency confusion in the heat of a contest may be 
something to reckon with! 

The additional flexibility of the PLL i-f also provides 
access to the 24-GHz band. If this band seems eso¬ 
teric, I'd like to point out that a 24-GHz oscillator with 
a built-in mixer diode is available for approximately $50. 
It may be possible to phase lock and mix for the re¬ 
ceive i-f all in one diode, eliminating any other micro- 
wave hardware! Similar oscillator/mixer modules, 
designed for radar ''gun'' use, are available for 10 GHz. 

preparing the 10-GHz station 

The approach just described, which can be used ei¬ 
ther directly or with some modifications to get on all 
of the Amateur bands — affords a great deal of com¬ 



monality in phase-lock circuitry. It's possible to lay out 
one circuit board that can be configured for almost 
every variation required for any of the locked loops. 
(This is important to avoid the power supply syndrome 
mentioned above!) Standard ECL integrated circuits 
and commonly available operational amplifiers are all 
that's required except for the harmonic downconvert- 
ers. Adding another microwave band generally re¬ 
quires only an oscillator, a harmonic downconverter, 
and an additional phase-lock pc board. Also, signifi¬ 
cant frequency change within a band is often accom¬ 
plished by simply selecting a different reference signal 
and changing the coarse frequency adjustment of the 
microwave oscillator. 

In all cases, from 10 MHz to microwave, the best 
"raw" oscillator should be used. At 10 MHz, the long¬ 
term stability of the standard is the desired characteris¬ 
tic. The loop bandwidth of this PLL is kept low so that 
the poorer phase noise contributions of the 10-MHz 
standard won't contaminate the less accurate but 
cleaner 100-MHz quartz oscillator. At 1010 MHz, the 
operating Q of the resonator and the resulting oscilla¬ 
tor spectral purity is kept as high as possible. This os¬ 
cillator is really rather stable when unlocked. 
Measurements over a period of several days and at 
a relatively constant temperature showed only a few 
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Phaselocked 10080 MHz local oscillator and 288 MHz SSB 
transverter 10 MHz standard in upper left 


tens of kHz drift. The spectrum of this oscillator when 
locked is essentially a replica of the tenth harmonic 
of the 100 MHz crystal oscillator. This feature, com¬ 
bined with simplicity of construction, makes this an 
effective solution to the problem of generating a clean 
and stable GHz signal. 

A multiplier/filter string could be used to generate 
this 1010 MHz signal instead of the direct phase locked 
approach. This would probably require either an oven- 
ized 101 -MHz oscillator or dividing by 101 and phase 
locking to a 1 MHz reference derived from a master 
statiort oscillator. In that case, sufficient filtering at 
1010 MHz must be provided to reduce spurious sig¬ 
nals to -70 dBc or less. The direct phase lock approach 
provides a clean spectrum that's directly attributable 
to the high-Q resonator, as long as loop bandwidth 
is small enough to keep reference frequency sidebands 
sufficiently low. The only other spurious signals pre¬ 
sent are multiples of the 100 MHz signal from the har¬ 
monic downconverter. These signals, predominantly 
the odd harmonics at 900 MHz and 1100 MHz, are at¬ 
tenuated by the isolation between the 1010 MHz buffer 
amplifiers. 

The microwave oscillator may be whatever you can 
get or build. However, using Gunn diode oscillators 
(such as the M/A Com Gunnplexers) results in a 
10.080-GHz signal that has as clean a spectrum as 
many hf transceivers on 20 meters. The resulting 
10,368 MHz SSB signal is also of excellent quality. 
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fig. 3. A precise 10,368 MHz SSB station can be made from only 5 oscillators and 4 nearly identical phaselock circuits. 
The PLL downconverters are similar in topology and easy to construct. 




Except as indicated, decimal 
values of capacitance are in micro 
farads <)<F); others are in picotar 
ads (pF); resistances are in ohms. 
ft = 1,000 M = 1,000,000 


fig. 4. The common phaselock circuit uses inexpensive ECL and op-amp integrated circuits. Only 4 components and 2 jump 
ers need be changed for a great variety of different applications. 
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New PK-232 Breakthrough 


Six Digital Modes - Including Weather FAX 



Model 


5TATUS 


PAKRATT 232 


1900 2SFE8? 3SA-4 01052 17831 SC24N 11^-2 


A new software enhancement 
makes the AEA PK-232 the only 
amateur data controller to offer 
six transmit/receive modes in a 
single unit. 
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Baudot (RTTY) 
ASCII 
AMTOR 
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Weather FAX 


^ A ^ AMATEUR NET 
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Your home computer (or even a simple terminal) 
can be used for radio data communication in six 
different modes. Any RS-232 compatible com¬ 
puter or terminal can be connected directly to the 
PK-232, which interfaces with your transceiver 
The only program needed is a simple terminal pro¬ 
gram, like those used with telephone modems, 
allowing the computer to be used as a data ter 
minal. All signal processing, protocol, and 
decoding software is in ROM in the PK-232. 

The PK-232 also includes a no compromise 
VHF/HF/CW modem with an eight pole bandpass 
filter, four pole discriminator, and 5 pole post 
detection low pass filter. Experienced HF 
Packeteers are reporting the PK-232 to have the 
best Packet modem available. 

Operation of the PK-232 is a breeze, with 
twenty-one front panel indicators for constant 


status and mode indication. The 240 page manual 
includes a “quick start" section for easy connec¬ 
tion and complete documentation including 
schematics. Two identical back panel radio ports 
mean either your VHF or HF radio can be selected 
with a front panel switch. Other back panel con¬ 
nections include external modem disconnect, 
FSK and Scope Outputs, CW keying jacks, and 
RS-232 terminal interface. 

The RS-232 connector is also used for attaching 
any Epson graphics compatible parallel printer for 
printing Weather Fax. Weather maps and satellite 
photos, like the one in this ad, can be printed in 
your shack. 

Contact your local AEA dealer today for more 
information about the one unit that gives you six 
modes for one low price, the PK-232. 


Brings you the Breakthrough 


2006-196th St. SW 
Lynnwood, WA 98036 
(206) 775-7373 
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Gunn diode oscillators used as sources for automatic 
door openers have been tried with similar results. 

Using this LO approach on 10 GHz is quite amaz¬ 
ing. Even when out on a hilltop, once the oven for the 
10-MHz frequency standard is operating at tempera¬ 
ture, the hf transceiver can be set exactly to a sched¬ 
uled frequency. When the another station calls, the 
SSB signal from a similarly phase-locked distant sta¬ 
tion is tuned correctly. A detailed system block dia¬ 
gram is shown in fig. 3. 

order of construction 

For those planning to build an entire 10-GHz sta¬ 
tion, construction of the 100-MHz oscillator and ECL 
dividers is a good place to start. If a 10-MHz standard 
is available, the phase-lock circuit may be built and 
the 100-MHz oscillator phase locked. If possible, a 
common pc board should be made and several boards 
loaded and tested. Then, building the 1010-MHz os¬ 
cillator, buffer amplifers, and downconverter, and 
changing four components on one of the pretested 
phase-lock boards, will result in a precision 1010-MHz 
reference signal. Next, building the 260-MHz oscilla¬ 
tor and locking it with another of the phase-lock 
boards and adding mixers and amplifiers produces the 
280- to 290-MHz i-f transverter. At this point, both 
1296 and 2304 are within easy reach by adding just 
a mixer (and amplifiers, if you wish). For 2304, an anti¬ 
parallel diode mixer just like the harmonic downcon- 
verters will suffice to get a signal on the band without 
even building a doubler or additional locked 2020-MHz 
oscillator. Inexpensive MMIC amplifier blocks can be 
used for transmit and receive amplifiers to produce a 
respectable 1296- or 2304-MHz station almost immedi¬ 
ately. Finally, the 10,080-MHz LO is obtained by lock¬ 
ing a Gunn oscillator with one more common pc board 
and the 10-GHz harmonic downconverter. Here again, 
one can immediately get on the band at the few hun¬ 
dred microwatt level by just adding the signal mixer. 
This mixer can even be built on the same Teflon™ pc 
board and at the same time as the harmonic downcon¬ 
verter. A simple bandpass filter for 10,368 MHz has 
already been discussed, and a two-stage amplifier will 
be described at the end of this article. 

For those who want to get on the 10-GHz band as 
rapidly as possible, the flexibility of this phase-locked 
approach offers many choices. It is possible, for 
example, to get on 10,368 MHz SSB using only a 
148-MHz SSB signal as the i-f. This can be done by 
generating a 1020-MHz signal instead of 1010 MHz for 
the microwave downconverter reference, simply by 
using a 20-MHz reference in that PLL and coarse tun¬ 
ing the resonator 10 MHz higher. Also, using a 20-MHz 
reference on the 10-GHz Gunn oscillator PLL gives 10 
x 1020 MHz + 20 MHz = 10,220 MHz. 10,220 MHz 
LO + 148 MHz SSB = 10,368 MHz SSB. The 


10,220-MHz LO could also be used with a 30-MHz 
wideband i-f to work other Amateurs in the area not 
yet on narrowband modes using 10,220/10,250 full du¬ 
plex. SSB operation could be utilized by just chang¬ 
ing to the 148-MHz SSB i-f. Notice also that reversing 
the reference and VCO inputs to the phase comparator 
allows locking on “the other side." In this last exam¬ 
ple, 10,180 MHz would result from such a reversal. 
Many combinations of reference frequencies and tun¬ 
ing directions are possible, and this versatility is an at¬ 
tractive aspect of this whole approach. 

common phase-lock circuit 

By taking a uniform approach to local oscillator gen¬ 
eration, that of phase locking to a relatively low fre¬ 
quency reference, a great deal of commonality in 
circuit design is achieved. In fact, all four phase-lock 
loops used to generate 10,368-MHz SSB have identi¬ 
cal phase detector, loop amplifier, and lock indicator 
schematics. Only the loop filter component values 
need to be varied to accommodate the differing oscil 
lator characteristics. This is a great boon to construc¬ 
tion, since one circuit board may be laid out which 
serves all four loops. The phase-lock circuit board uses 
ECL line receivers to amplify the reference and VCO 
inputs, phase detection is in a 12040-ECL phase com¬ 
parator, and standard operational amplifiers are used 
in the loop amplifier/filter and phase-lock detect cir¬ 
cuits. A schematic of the common phase-lock circuit 
is shown in fig. 4. 

I made a common pc board that contained the 
phase-lock circuits, the 100-MHz oscillator and divid¬ 
ers, and the 1-GHz harmonic downconverter/PLL i-f 
amplifier. All this fits on a double-sided 3- x 6-inch 
board, and only the parts required for a particular func¬ 
tion need be added. Normal VHF construction prac¬ 
tices are followed, including good bypassing on the 
ECL logic, which is important since operation is from 
+ 5 instead of - 5 volt supplies. The only circuit that 
operates higher than 100 MHz is the anti-parallel diode 
mixer, and the two diodes can be mounted right next 
to a coax connector to keep lead length to near zero. 

I chose to use a large number of small coaxial con¬ 
nectors between circuits. This is more expensive, but 
it adds a great deal of versatility in changing reference 
frequencies, measuring signal levels, and so forth. For 
VFO control, any of the PLL reference frequencies 
may be substituted with a variable frequency reference 
as long as ECL logic levels are provided. This may be 
useful in testing or experimenting. Substituting the 
10-MHz reference on the 1010-MHz PLL oscillator with 
a 10- to 11-MHz variable oscillator, for example, could 
give a variable 10,080- to 10,090-MHz microwave sig¬ 
nal with the same stability as the tenth harmonic of 
the variable oscillator. This might be useful as a sig¬ 
nal source for microwave testing. 


February 1988 ESS 57 



4* 



rb >*' S R2 _L 

L2 $6B! >/* "Zt'ZCB 

0.33mH ] I b 0001 


’M: 


ZRI 6 

S464 S 464 


7 _ 


R6 tR? . 

5 m ijist 51 " -±-cs rrcm -> —c/o 

-Wkn 1 'T'lOO Ml sv -'T'/O'*' 


R9 RID 

511 I 96k 



fig. 5. The 100 MHz crystal oscillator and divider circuits provide reference signals for generating all higher frequency sig 
nals. The oscillator itself can be locked to a precision 10 MHz frequency standard. 


The PLL characteristics are modified by changing 
R42/R45 and C32/C33. This is necessary to provide 
different loop bandwidths and accommodate differ¬ 
ent oscillator tuning sensitivities. Table 2 gives some 
values for some selected bandwidths and oscillators. 
For situations not listed, approximate values may be 
calculated. Referring to fig. 6: 

A(s) = (K d K a K V )/(N) 

Where A(s) = loop gain at frequency s 

K d = phase detector sensitivity in volts/radian 

K a = loop integrator gain at s 

K v = oscillator sensitivity in radians/(volt sec) 

N = frequency division of oscillator before phase 
detector 

Component values can be calculated by first select¬ 
ing a loop bandwidth and setting K a to give unity gain 
at that frequency: 

K a = (N « n )/(K d K v ) 

Where to n = loop bandwidth in radians/sec 

(radians/sec = 24 with f in Hz) 

R 2 can be selected by R 2 : 

= K a R, 

Next C can be selected by choosing 1 /(R 2 C) to be 
four or five times lower in frequency than the loop 
bandwidth to provide adequate loop stability. 



*2 

c 

_ \\ _ 

*t 

_ 

)\ 

FROM 

PHASE 

OETEC TOR *1 

^ - - TO VTO 



c 

it _, 



/b 

fig. 6. The loop amplifier (integrator) controls the charac¬ 
teristics of the PLL. Loop parameters are set by proper¬ 
ly selecting component values. In this balanced 
configuration, each component appears twice. 


C = 5/(co n R2) 

As an example, let's assume we want to lock an oscil¬ 
lator with a tuning sensitivity: 

K v = 0.5 MHz/volt = 3.1 x 10 6 rad/(volt sec). 

The 12040 phase detector has a 

K d = 0.13 volt/radian. 

Since we have no frequency division (a harmonic 
mixer is a mixer, not a divider), N = 1. 

Suppose we want a 50-kHz loop bandwidth to 
"clean up" the oscillator. Then: 

K a = (1 x 2 x i x 50,0001/(0.13 x 3.1 x 10 6 >= 0.77 
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ASTRON 

CORPORATION 


9 Autry 

Irvine. CA 92718 
(714]458 7277 



INSIDE VIEW — RS-12A 


ASTRON POWER SUPPLIES 

HEAVY DUTY • HIGH QUALITY • RUGGED • RELIABLE ■ 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATED 

• FOLD-BACK CURRENT LIMITING Protects Power Supply 
from excessive current & continuous shorted output 

• CROWBAR OVER VOLTAGE PROTECTION on all Models 
except RS-3A, RS-4A RS-5A. 

• MAINTAIN REGULATION & LOW RIPPLE at low line input 
Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN USA. 


PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105-125 VAC 

• OUTPUT VOLTAGE 13 8 VDC t 0.05 volts 
(Internally Adjustable 11-15 VDC) 

• RIPPLE Less Ilian 5mv peak lo peak (lull load & 
low line) 

• Alto tvailekle wilt 220 VAC inpit vollige 


MODEL RS-50M 


MODEL VS-50M 


19" x 5V< RACK MOUNT POWER SUPPLIES 


Conlinuous 
Dely |Amps) 

9 

25 

37 


Separate Volt and Amp Meters 

RM-12M 

RM-35M 

RM 50M 


Site | IN | 
HxWxD 

5’. x 19 x 8'. 
5’-. x 19 x 12V? 
5Vi x 19 x 12V? 

5% x 19 x 8'. 
5% X 19 X 12V: 
5V< x 19 x 12' ? 


Slippiep 

Wl (Its.| 

16 

38 

50 


RS-A SERIES 


Site |IN| 


Continuous 


MODEL 

RS-3A 

RS 4A 

RS-5A 

RS 7A 

RS-7B 

RS 10A 

RS-I2A 

RS 12B 

RS-20A 

RS-35A 

RS-50A 


MODEL RS-7A 


Site | IN| 

H x W x 0 


Skipping 

Wl |lbs | 


Continuous 
Duly |Amps) 


ICS’ 

| Amps) 


iko.rUa 


MODEL 

Swilchable volt and Amp meter 
RS 12M 


Separate voll and Amp meters 

RS 20M 

RS-35M 

RS-50M 


VS-M AND VRM-M SERIES 


Separate Voll and Amp Meters • 

Output Voltage adjustable Irom 2 15 volts • Current limit adjustable Irom 1.5 amps 

to Full Load 


Continuous 


ICS- 

Site (IN) 

Shipping 

MODEL 


Duly |Amps| 


|Amps| 

M x W x D 

Wl (lbs) 


@>138VOC @10VDC iji5VDC 

tea 13.8V 



VS -12M 

9 

5 

2 

12 

4'? x 8 x 9 

13 

VS-20M 

16 

9 

4 

20 

5 x 9 x 10V 

20 

VS 35M 

25 

15 

7 

35 

5 x 11 x 11 

29 

VS-50M 

37 

22 

10 

50 

6 x m x 11 

46 

Variable rack mount power supplies 





VRM-35M 

25 

15 

7 

35 

5V. x 19 x 12'? 

38 

VRM-50M 

37 

22 

10 

50 

5'. x 19 x 12v, 

50 


Built in speaker 



Continuous 

ics- 

Site |IN| 

MODEL 

Only |Amps) 

Amps 

H x W x D 

RS-7S 

5 

7 

4 x 7V? x 10% 

RS-IOS 

7.5 

10 

4 x 7% X 10% 

RS 12S 

9 

12 

4'? x 8 x 9 

RS-20S 

16 

20 

5 x 9 x 10% 


Shipping 

Wl |lbs.| 

10 

12 

13 

18 


irs—Intermittent Communication Service (50% Dutv Cvcle 5mm on 5 min off) 






Since R, is fixed at 1210 + 196 = 1400 ohms. 

R 2 = 0.77 x 1400 ohms or 1000 ohms 
and 

C =5/(2 xix 50,000 x 1000) = 0.015 /xF 

It is important for loop stability that both the oscilla¬ 
tor and the op amp operate well below their roll-off 
frequency. For the oscillator, its tuning sensitivity 
should be constant to at least five times the loop band¬ 
width selected. In the case of the op amp, the prod¬ 
uct K a oj n should be no more than 10 to 20 percent of 
the specified gain-bandwidth. This specification will 
depend on the particular op amp used, but if oj n is al¬ 
ways selected to keep K a w n below 1M radians/sec¬ 
ond, performance should be satisfactory. When in 
doubt about loop stability, design for a lower loop 
bandwidth; noise sidebands on the oscillator may be 
higher, but at least the loop will be stable! 

100-MHz oscillator and divider circuits 

A clean 100-MHz quartz oscillator is locked to a 
stable, though less spectrally pure, 10-MHz standard 
oscillator. In the event that a stable 10-MHz standard 
is not available, this oscillator may be operated un¬ 
locked, but the frequency accuracy and drift may not 
be as good as you would like for SSB and CW weak- 
signal operation, particularly on the higher bands. In 
any case, this 100-MHz reference may be built first and 
used for locking the higher frequency oscillators even 
without a 10-MHz standard. 


Table 2. Typical loop amplifier component values for 
phaselocking the 10 GHz station oscillators. Other 
oscillator sensitivities can be accommodated by calculat¬ 
ing values as demonstrated in the text. 


Oscillator 

100 MHz 

1010 MHz 

10,080 MHz 

260 MHz 


vcxo 


Gunn Osc 

2nd LO 

Loop bandwidth 
f (Hz) 

50 

50k 

50k 

50k 

Wn (rad/sec) 

310 

310k 

310k 

310k 

VTO sensitivity, Kv 
MHz/volt 

0.0002 

0.5 

3 

1 

rad/(volt sec) 

1300 

3.1M 

19M 

6.3M 

Loop Gain, Ka 

18 

0.77 

0.13 

0 38 

divide ff N 

10 

1 

1 

1 

R42/45 (ohms) 

25 

1.1 

180 

530 

C32/33 (fiF) 

0.6 

0.015 

0.09 

0.03 

These values assume 

R43/44 = 

1210 ohms 

and R46/49 = 

196 ohms 


and 

phase detector sensitivity, Kd = 0.13 volts/radian 


A two-stage Pierce harmonic circuit is used with a 
UHF TV tuner varactor diode to allow frequency con¬ 
trol. A variable capacitor may be substituted when no 
10-MHz standard is used. An ECL line receiver is used 
to level shift and buffer this oscillator and drive the 
bi-quinary ECL divider. The divider output drives one 
input on the common phase-lock circuit (if used), the 
other input being provided by the 10-MHz standard 
oscillator. The loop parameters are set to give 10 to 
100 Hz of loop bandwidth. The divide-by-five output 
of the 10138 divider provides a 20-MHz reference sig¬ 
nal for use in the other loops. The 10-MHz ECL signal 
is also brought out. The schematic of this circuit is 
shown in fig. 5. 

Beyond following the usual sound VHF practices, 
no special precautions need be taken in constructing 
this circuit. Whether or not 10-MHz standard is being 
used, it's a good idea to position components so that 
the entire oscillator circuit can be shielded and, if pos¬ 
sible, thermally insulated to avoid frequency drift from 
ambient temperature change. 

testing 

If an oscilloscope, spectrum analyzer, or 100-MHz 
frequency counter isn't available, both the oscillator 
and divider circuits should be built at the same time. 
Then a 10-MHz WWV receiver or any receiver that 
tunes 10 MHz may be used to ascertain oscillation and 
division. Before trying to "close the loop" and lock 
the 100-MHz crystal oscillator, it's a good idea to check 
that the tuning range is from approximately 1 kHz be¬ 
low 100 MHz to 1 kHz above. This can be done by 
applying both 5-volt and 12-volt supplies and listen¬ 
ing to the divider output at 10 MHz to see that the 
signal swings 100 Hz on either side of 10 MHz when 
a 2- to 10-volt tuning voltage is applied. Next, hook 
up the loop amplifier and the 10-MHz reference sig¬ 
nal (from any source that is within this tuning range) 
and monitor the tuning voltage. If the loop locks cor¬ 
rectly, the unlocked LED should extinguish and the 
tuning voltage should move between ground and the 
positive 12 volts as L3 is adjusted. At each end of that 
range, the unlocked light should light, indicating un¬ 
lock due to an out-of-range 100-MHz oscillator. If a 
problem exists, make sure that the phase comparator 
inputs are correct, the connections marked " + " are 
being used, and recheck for wiring errors. 

The second installment will cover construction of 
the 1010-MHz oscillator, harmonic downconverters for 
both 1 and 10 GHz and some circuits for biasing and 
driving the 10-GHz Gunn oscillators. 

reference 

1. Glenn Elmore, N6GN, "A Simple and Effective Filter for the 10-GHz Band/' 
QEX, Volume 65, July 1987, page 3. 

ham radio 


60 G3 February 1988 




— 


✓ 


I HO IS. I-9.9 




(UHO'OtWf WOOCS SCAM 


if i mrt mw notch 


PU 1 -nr SMfT NOT04 


■■ ■ " «C II i s 1 1 

m mm ■ \/ -V^/ 


rant 

mm 

mi 

mm mm 

mm 

mm 

mm 

mm 

KB 

mm 

mm 

a 

mm 


m 

m 

57 ****** fj"*’ 



«l» AT* CtftA" - 


c c 



KOM K-761 

A NEW ERA DAWNS 


• Built-in AC Power Supply 

• Built-in Automatic Antenna 
Tuner 

• SSB, CW, FM, AM, RTTY 

• Direct Keyboard Entry 

• I60-I0m/General Coverage 
Receiver 

• Passband Tuning plus IF Shift 

• QSK up to 60 WPM 

The IC-761 ushers in an exciting 
new era of amateur radio communica¬ 
tions; an era filled with all the DX'ing. 
contesting, and multi-mode operating 
pleasures of a fresh new sunspot cycle. 
The innovative IC-761 includes all of 
today's most desired features in a sin¬ 
gle full-size cabinet This is ham radio 
at its absolute best! 

Work the World. The IC-761 gives 
you the competitive edge with stand¬ 
ard features including a built-in AC 
power supply, automatic antenna tuner. 
32 fully tunable memories, self-refer¬ 
encing SWR bridge, continuously vari¬ 
able RF output power to IOO watts in 
most modes, plus much, much more! 


Superb Design. Uncompromised 
Quality. A l05dB dynamic range re¬ 
ceiver features high RF sensitivity and 
steep skirted IF selectivity that cuts 
QRM like a knife A 100% duty cycle 
transmitter includes a large heatsink 
and internal blower. The IC-761 trans¬ 
ceiver is backed with a full one-year 
warranty and ICO M's dedicated custom¬ 
er service with four regional factory 
service centers. Your operating enjoy¬ 
ment is guaranteed! 

All Bands. All Modes Included. 
Operates all HF bands, plus it includes 
general coverage reception from 
100kHz to 30MHz. A top SSB. CW. FM, 
AM. and RTTY performer! 

Passband Tuning and IF Shift plus 
tunable IF notch provide maximum op¬ 
erating flexibility on SSB. CW. and 
RTTY modes. Additional features in¬ 
clude multiple front panel filter selec¬ 
tion. RF speech processor, dual width 
and adjustable-level noise blanker, 
panel selectable low-noise RF preamp, 
programmable scanning, and all-mode 
squelch. The IC-761 is today's most 
advanced and elaborate transceiver! 


Direct Frequency Entry Via Front 
Keyboard or enjoy the velvet-smooth 
tuning knob with its professional feel 
and rubbered grip 

Special CW Attractions include a 
built-in electronic keyer. semi or full 
break-in operation rated up to 60 
WPM, CW narrow filters and adjustable 
sidetone 

Automatic Antenna Tuner covers 
160-10 meters, matches 16-ISO ohms 
and uses high speed circuits to follow 
rapid band shifts. 

Complementing Accessories in¬ 
clude the Cl-V computer interface 
adapter. SM-IO graphic equalized 
mic, and an EX-310 voice synthesizer 

You're The Winner with the new 
era IC-761. See the biggest and best 
HF at your local ICOM dealer 




imcotiom 


ICOM America Inc . 2380-116th Ave N.E.. Bellevue. WA 98004 Customer Service Hotline (2061 454-7619 
3150 Premier Drive. Suite 126. Irving. TX 75063 / 1777 Phoenix Parkway. Suite 201 Atlanta. GA 30349 
ICOM CANADA. A Division ol ICOM America. Inc, 3071 - *5 Road Unit 9. Richmond. BC V6X 2T4 Canada 

All stated spec Ideations are approximate and sublet t to change without notice or obligation All ICOM radios significantly exceed ICC regulations limiting spurious emissions 761487 
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1C 751A 

HF Transceiver with 
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HF Transceiver with 
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IC 3200 

Dual 2m/440 MH? Mobile 


Term*; No perjonji meets accepted 
Price* do not include stripping UPS 
COD fee S? 35 per package Prices ere 
subject to change without notice or 
obligation Products are not sold tor 
evaluation Authorised returns are sub 
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your nett purchase FGF supports the 
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FT 767GX 

All Mode Transceiver 
with CAT System 


NEW 
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HF Transceiver with 
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Amateur HF Bands 
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Corsair II 
Model 561 

HF Transceiver 


Paragon 

Amaleur Transceiver with 
General Coverage Receiver 




R 5000 

General Coverage Receiver 


Towers Computer Stuff Accessories 


UNARCO-ROHN 

TRI-EX 

HY-GAIN 

Ask lor package quotes on 
complete tower assemblies 
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wire, antennas rotators, etc 

ROTATORS 

Kenpro. Alliance. Daiwa 
Telex Hy-Gam 


Packet Controllers 

Kanlronics and MFJ 

Amateur Software 

Ham Gala Software tor 
Commodore Computers 
Ask tor Descriptions 

RTTY/Morse/Amtor 

Hardware and Soltware and 
packages by Kanlronics. 
Microlog. HAL. MFJ. & more 


AMPLIFIERS 

Vocom, Daiwa. TE Systems, 
Amp Supply. Mirage Almco 
Ameritron. Tokyo Hy Power 
RF Concepts 

ANTENNA TUNERS 

Amp Supply. Ameritron MFJ 

Switches. Couplers. Filters. 
Connectors. Mikes, Keyers. 
Paddles. Headsets. Clocks. 
Books. Power Supplies 


ALD-24T 

Compact Dual-band Mobile 
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Receivers 
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Scanners 
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To Order Call Toll Free: 800-444-4799 ege I 


-- 150 






































Catch 
of the day! 


Have you been irawling the bounding main for a new product? We have just 
netted it—the TP-38 microprocessor controlled community repeater panel which 
provides the complete interlace between the 
repeater receiver and transmitter. Scuttle 
individual tone cards, all 38 El A standard 



CTCSS tones are included as well as time and hit accumulators, programmable 
timers, tone translation, and AC power supply at one low price of $595.00.The 

TP-38 is packed like a can of sardines with features, as a matter of fact the only $59.95 I) I Mr module 
additional option is a DI ME module for $59.95. This module allows complete $149.95 Digital CTCSS module 


offsite remote control of all TP-38 functions, including adding new customers or 
deleting poor paying ones, over the repeater receiver channel. 

Other features include CMOS circuitry for low power consumption, non-volatile 
memory to retain programming if power loss occurs, immunity to lalsing. pro¬ 
grammable security code and much more. The TP-38 is backed by our legendary 
I year warranty and is shipped fresh daily. Why not set passage for the abundant waters 


***&& s' 


of Communications Specialists and cast your nets lor a 1 P-38 or other line catch. 



COMMUNICATIONS SPECIALISTS. INC. CO 

426 West Taft Avenue • Orange, CA 92665-4296 
Local (714) 998-3021 • FAX (7141 974-3420 

Entire US.A. 1-800-854-0547 







INSTRU 


CORP 


DigiMax 


ACCURACY 


PERFORMANCE 


n 


50 Hr to 512 MHz 

1 PPM ACCURACY 

TCXO 


10 MHz Oven Oscillator 9 x ev ' x 3 ’ A 
10 Hz to 1.2 0Hz I PPM ACCURACY 


ALL MODELS HAVE I YEAR WARRANTY 
Optional factory Installed rechargeable battery pack available 


35 SS 


MODEL 

PRICE 

FREQUENCY 

RANQE 

ACCURACY OVER 
TEMPERATURE 

READ 

OUTS 

SENSITIVITY TVP 

POWER 

REO. 



D500 

SU995 

50 Hz-512 MHz 

1 PPM 17* 3S*C 
TCXO 

TIME BASE 


15 lo 50 MV 

?0 to 50 MV 

10 450 MHZ 

50 10 TOO MV to 1 OH/ 


D510 

8179.96 

50 HM.OQHi 

D61? 

$259.95 

SO Hr 12 GHz 

0 1 PPM 2(7-40*0 


15 to 50 MV 

2 to 70 MV 
to 4 SO MH/ 

20 to 30 MV to 1 GHz 

DI200 

$290 95 

10 Hz 1 2 GHz 

10 MHz OVEN 

15 to 50 MV 


FOR DEALER LOCATIONS 
OR PHONE ORDERS 
800 854 1566 
8560 Production Avenue 
Sen Diego. CA 92121 
California Call 619-578-7171 
Tel®* #697120—OAT AMAX-103 

EXPORT AGENT MAGNUS 
3500 Devon Avenue 
Chicago. IL 60659 
312-679-6070 

Tele* #253503 MAGNUS CGO 


AC-12 AC-ADAPTER $8 95 


T-1200 BNC BASE 21" ANT. $6 95 


BAC12 $34 95 BAC5 529 95 


SAY 
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yo it radio 


in.Hj.ifitu* 


'VWr- 


v* 146 




THE MULTIPLE RECEIVER SOLUTION 



4 Channel Signal-to-Nolse Voter 

• t *p.irvLiblp 1o 3? Channel by Jusl Addmq Lards 

• Continuous Voting 

• l FD Indicators ol COR and Voted Signals 

• Built in Calibrator 

• Remote Voted indicators Pinned Out 

• . 6 Double Sided Gold Plated 44 Pin Card 

• Remole Disable Inputs 

• MORI 

Buill tested and calibrated with manual 

$350.00 

Telephone interlace now available 
For moic inhumation call 01 write 

HALL ELECTRONICS 

Volei Department 
815 E Hudson Street 
Columbus. Ohio 43211 
(614)261-8871 
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R-7000 Widespan Panadaptor 


Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from I to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables. & 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 

RD 1 BOX 272 
Lehighton, Pa. 18235 
717-386-4032 
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Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing “Hams ’ for 30 years, no rig 
too old or new tor us. 

MU) i 

4033 Brownsville Road 
^jyT Trevose, Pa. 19047 Aft 

215-357-1400 
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radial line stub design 


BASIC program 
helps determine 
microstrip circuit element 

The radial line stub is a microstrip circuit element 
which provides a point of rf ground potential at a par¬ 
ticular frequency, based on the physical parameters 
of the substrate and the geometry of the stub. Partic¬ 
ularly useful in designing mixers, bias circuits, and 
doublers in the microwave frequencies, it is relatively 
short compared to quarter-wave stubs and has a 
broader resonance, but provides a precisely located 
input. Figure 1 illustrates two examples of the use of 
the radial line stub. 

simple program solves for dimensions 

Computer-Aided Design (CAD) techniques have 
been used to design these stubs for Amateurs. 

Equation 1 is an algebraic expression yielding a 
linear approximation of the CAD segmented microstrip 
model, solved for the outer radius, R|_ for either 60- 
or 90-degree stub angles. 1 

log R l = A log (\lE R • f) (1) 

+ B log H + C log Rs + D 

Note: R L = RL (in listing) 

E r = ER (in listing) 

f = F (in listing) R s = RS (in listing where Rl is 
the long radius of the stub in meters; A, B, C, and 
D are constants, which are functions of the stub an¬ 
gle; E r is the dielectric constant; f is the frequency 
in GHz; H is the dielectric thickness in meters; and R s 
is the short radius in meters. 

The BASIC program, RAD-STUB, (fig. 2) gives the 
value of R l , the outer radius. The required parameters 
are the frequency, dielectric constant of the substrate 
and its thickness, and an estimate of the inner radius, 
R s . The result approximates the resonant frequency 
within 1 to 2 percent for 60-degree stubs, which are 
the most frequently used. 

The BASIC program is straightforward. While it was 
written for the IBM PC, it should run with other BASIC 
languages if modifications for screen, input, and ex¬ 
ponents are made. Line 9 clears the screen and 
removes the function keys from the PC screen. Lines 
30-60 may have to be split into print and input state- 
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F=Frequency, qHz 
ER=Dielectric constant 
H=Substrate thichness 
RS=Inner radius 


9 CLS: KEY OFF 

10 PRINT " *************** RADIAL STUB DESIGN ******************' 

20 REM by Georqe W. Allen, N1BEP 

25 PRINT: PRINT 

30 INPUT "Frequency, qHz (0.3 - 30)";F: ’ *** 

40 INPUT "Dielectric constant";ER: ’ *** 

50 INPUT “Substrate thickness, inches";H: ’ ttt 

60 INPUT "Inner radius, inches“;RS: ’ *** 

70 H=H*.0254: RS=RS*.0254 

80 PRINT "Stub anqle 1-60, or 2-90 deqrees"; 

85 INPUT K: ’ *** 

90 ON K GOTO 100,120 

100 A=—.8232: B=.0572: C=.1169: D=-.8082 
HO GOTO 130 

120 A=~.851: B=.0614: C=.0877: D=-.8695 
130 L=L0G(10) 

140 E=A*L0G((ER'.5)*F)/L + B*L0G(H)/L + C*LOG(RS)/L + D 
150 ’ *** 

160 RL=10~E: RL=RL*39.370079#: ’ *** 

170 PRINT; PRINT "Lonq radius is"; 

180 PRINT USING "###.####";RL; 

190 PRINT “ inches" 

200 END 


K = STUB ANGLE 


E=L0G(RL) 

Meters to inches 


fig. 2. Basic program for radial line stub design. 


A) Frequency, GHz (0.3 30)? 10 

Dielectric constant? 9.8 
Substrate thickness, inches? 0.25 
Inner radius, inches? .002 
Stub angle 1-60, or 2-90 degrees? 1 
Long radius is 0.0743 inches 

[B! Frequency, GHz (0.3-30)? 1.296 

Dielectric constant? 2.3 
Substrate thickness, inches? .06 
Inner radius, inches? .002 
Stub angle 1-60, or 2-90 degrees? 1 
Long radius is 0.7625 inches 

fig. 3. Program results for (A) 10 GHz and (B) 1.296 GHz. 



ments. Lines 140 and 160 use the caret for exponen¬ 
tials. Line 180, which truncates the printout to limit 
useless digits, may be just a PRINT command. The 
constants for 60 and 90 degrees, lines 100 and 120 
are based on metric units, although common usage 
is in inches for printed circuit material; lines 70 and 
160 accommodate the conversion. The equation is in 
logarithms to the base 10, so lines 130, 140 and 160 
convert to natural logarithms and back to solve the 
equation. 

examples 

Two examples of the program's output are shown 
in fig. 3. The limits of the approximation are from 0.3 
to 30 GHz, but the result becomes quite broad at the 
high end. The dielectric constant values should lie be¬ 
tween 2 and 15 for the values of the constants used 
in the approximation. The results are consistent with 
the values of dielectric constant in practical materials 
at given frequencies, and with the ability to measure 
and etch printed circuits at these small dimensions. 
Figure 4 illustrates a top view of the stub geometry. 

summary 

A BASIC program solves the approximate equation 
for the dimensions of the geometry of a radial line stub 
for the frequencies between 0.3 and 30 GHz for values 
of dielectric constant from 2 to 15. 

reference 

1. H.A. Atwater, "The Design of the Radial Line Stub: A Useful Microstrip 
Circuit Element," Microwave Journal, Volume 28, No. 11, November 1985. 
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FOR TODAY'S RADIO AMATEUR! 


SSfeSSSSSS®' 


Our 

20th 

Year! 


40 00 
575.00 
675.00 
175.00 


25 00 


45.00 
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CONSOUDATED 

E C T R O N I C S 
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Since 1967. covering all modes of 
Amateur Radio ••specialty” 
communications; Fast Scan TV. SSTV. 
FAX. Packet Radio, Computers. RTTY, 
AMTOR, Satellites. TVRO, Microwave. 
Lasers and more! 10 issues per year. 
Rack issues available, SASE brings 
TRS80C, C64, IBM software catalog. 
U.S. subscribers $20/year. Foreign 
slightly higher. Add $2.00 for Index 
Issue. 

SPEC-COM Communications & 
Publishing Group 
P.O. Box H -- 

Lowden, Iowa f 

52255-0408 5% Added 


THE ULTIMATE 

i ELECTRONICS CATALOG | 

I u r 260 pagtt catalogue packed over IOlQOD i 

■ money saving eiecuottic parts and eqo>pnH»nt Send M 00 ■ 

I •.. . • !.•• .ii 1 -800-543-3568 toJav and . 

I use unjf M.JStetO»»0 Of Visa 

I 

| 705 Water , id A v Dayton Ohio 45420 2599 


SPECIALIZED 

COMMUNICATIONS 


J MAMf 

I 


MICROPOWER-2 

PACKET CONTROLLER 

A VERY LOW POWER TNC-2 CLONE, 
PERFECT FOR PORTABLE OR SOLAR POWERED 
OPERATION. 

- ONLY 40 MA AT 9-13 VOLTS DC 

- SMALL AND LIGHTWEIGHT (5"x7”x1 V»" - 22 oz.) 

- HARDWARE HDLC, BATTERY BACKED 32K RAM 


PC-100 SERIES 

SINGLE AND DUAL PORT 
PACKET CONTROLLERS ON A 
PC PLUG-IN CARD 

DOES AX.25 AND TCP/IP WITHOUT AN 
EXTERNAL TNC OR INTERFACE 


- POWERFUL SOFTWARE PROVIDED ON PC 
COMPATIBLE DISKETTE 

SWITCHABLE FOR EITHER HF OR VHF TONES 


- QUALITY EXTRUDED ALUMINUM CABINET WITH 
BAKED WRINKLE FINISH 

- SUPPORTS BOTH RS-232 AND TTL COMPUTERS 

- USES TNC-2 EPROMS - INCLUDING NET/ROM 
FIRMWARE VERSION 1.1.5 PROVIDED 

ASSEMBLED AND TESTED 
ONLY $179.95 


- HARDWARE HDLC. 1C MODEMS 

- CONNECTS DIRECTLY TO RADIO 
NO EXTERNAL INTERFACE NEEDED 

- PROVISION FOR EXTERNAL HIGH SPEED 
MODEM 

PC-110 SINGLE PORT $169.95 
PC-120 DUAL PORT $199.95 


WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT, SOFTWARE AND ACCESSORIES. 

idfii B&9 TECHNICAL INFORMATION 

TOLL FREE_ SWW l _ r30 am , i pm eastern 

800-223-3511 (PacCoMM< 3652 West Cypress St.. Tampa, FL 33607) (813) 874 2980 

° ___ V* ■***"""_ -S TELEX: 650.2061526 MCI 


EXCEPT FLORIDA 


FLORIDA ADDRESSES ADD 5% $3 00 SHIPPING/HANDLING PER ORDER 


FAX (813) 072 8696 


esar & 

John J. Meshna Jr., Inc. 
Surplus Electronics 


New, tat charge AA mead cell* 500 me 
2716 UV PROMs removed from equip. OK 
Infra Red viewer kit w/ IR source & manual 
Manual only for above IR kit 
Mint hi voltage nigh! vision power supply 12vde 
input. 14.5kv 15 ua output 1.5 Of. 

New, 12" 2 color plasma globe w/ power supply 
As above with custom base, color Week 
New. 5" plasma globe w/ power supply 
New, Kepco switching power supply, *5v 5 a. *12 
2.8a. ♦ 12v 2a. 8.- 12 v 5a rag. & filtered 
New. Oaltron switcher. *5v 4a. *12v 4 a— 5 v 4a. 
& - 12v 4a (200wet1 max.I Reg, & filtered 
New. Panasonic rechargeable seeled lead acid bet*- 
tary 6v 3 ah 

New, 12v 2.2ah rechergeeWe meed pec 
Jeneil WS 1000 24 channel satellite revr. w/ down 
convertor & Instructions 

110 vac Wall Adaptars 

6 vdc 250 me w/ 6’ cord A barrel connector This 
one runs on 110 or 220 (twitch selectable) 

9.5 vdc 1 imp w/ 7' cord A barrel connector 
12 vdc 500 ma w/ 6' cord & barrel connector 
12 vac CT 1.7 smps 12* cord 2 pin »eek 


JOHN J. MESHNA JR.. INC. SURPLUS ELECTRONICS 
19 Allerton Sl P. O. Box 8062 E. Lynn, Ma. 01904 
Phone orders accepted on MC, VISA or American Express 
Orders only 1 800 MESHNAS $20 minimum order. Cata¬ 
logue requests & other inquiries, please dial 1 61 7-595-2275 
Fall catalogue now available 68 pages of good stuffll 
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"the greatest little 
radio magazine 
in the world" 

VHF? Yes. Single sideband? Yes. 
Beam Antennas? Yes. Microwaves? 
Yes. Propagation? Yes. 

The year was 1930. America was in 
the grips of the Great Depression. The 
unemployment rate, during that harsh 
winter, was over 30 percent. Wall 
Street was in a panic. The future 
looked bleak, indeed. 

From the perspective of today, the 
world we knew in 1930 is hard to ima 
gine. No one had heard of Ronald Rea¬ 
gan or Olivia Newton John. No homes 
contained TV sets, VCRs, air condi¬ 
tioners, or electric blankets. No one 
had heard of atomic meltdown, jet air 
craft, coffee machines, water beds, 
hand calculators, word processors, or 
microwave ovens. 

Young men, with little money but 
plenty of time on their hands, slowly 
grew interested in shortwave radio. 
For a dollar or so, an old battery radio 
could be bought, stripped down, re¬ 
built into a two-tube shortwave re¬ 
ceiver. A second-hand car battery 
would provide filament power, and B- 
batteries were cheap. 

Once the set was completed, the 
builder had the world at his fingertips. 
But it didn't come easy. Where was 
the information he needed to build a 
two-dollar shortwave receiver? And 
when it was built, what could you 
hear? What was going on in the world 
of shortwave radio? 

meet Hugo Gernsback 

Into the growing hobby stepped a 
giant with an imposing track record of 
accomplishing feats that others 
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fig. 1. Early issues of "Short Wave Craft" magazine were full of exciting, new ideas Fea 
ture articles on short wave medical applications (diathermy), "moonbounce", and inex 
pensive phone transmitters guaranteed high interest among would be hams for each new 
issue. Articles by Or Alfred N Goldsmith and Dr Willis Whitney satisfied the more techni 
cal readers 
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fig. 2. As "Short Wave Craft" matured, it appealed more to the amateur market. Covers 
by "Paul" (abovel. who did the covers for "Amazing Stories" were a feature of some is 
sues. Interest in shortwave listening seemed to be dropping off. so the magazine catered 
to radio hams until World War II 
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THE MOST AFFORDABLE 

REPEATER 


KIT, ONLY $675 
WIRED $975 

VHF ORUHF 


FEATURES: —I 

• SENSITIVITY SECOND TO NONE! GaAsFET front end on vhf 

models gives 12dB SINAD of 0.12uV (vhf). 0 15uV (220) UHF model 
0.25uV std. 0. luV with optional helical resonator preamp. 
•SELECTIVITY THAT CAN’T BE BEATI Both 8 pole xtal filter & 
ceramic filter for > 100dB at only ± 12kHz. Helical resonator front 
end to combat desense & intermod 

•CLEAN. STABLE TRANSMITTER, up to 18W output standard: 50W 
with accessory power amplifier. 

•FCC TYPE ACCEPTED for commercial high band and uhf. 

•Courtesy beep, field-programmable CWID. flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans 
miners (all standard features). 

•Full range of options available, such as autopatch, phone line or 
radio remote control, sub-audible tones, duplexers. 


HIGH PERFORMANCE TRANSMITTERS 
& RECEIVERS FOR REPEATERS 
AUDIO & DIGITAL LINKS, TELEMETRY, ETC. 


•FM EXCITERS: ^7-7 eA -s 

Kits$99. W/t$ 179. 2W 
continuous duty TCXO& 

xtal oven options available . \WI 

•TASlfor 10M.6M.2M, 

150-174. 220 MHz. (V»L - ' P : 1/ 

•TA451 for uhf. - 

FCC type accepted for commercial bands. - : -J 

•Call for latest information on 90© MHz transmitters. 

•VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 1® 
to 50 Watts. Several models, kits starting at $79. 


•R144/R220 FM RECEIVERS for 2M. Ltt 

150-174.Of220MHz GaAsFET 
front end. 0. L2uV sensitivity! 

Both crystal & ceramic 'r~\! 

filters plus helical resonator £ur-*la / 

front end for exceptional / 

selectivity: > 100d8 at ± 12kHz / 

(best available anywhere)! 

Flutter-proof squelch. AFC tracks ^^^7 

drifting transmitters. Ij — ft- - ZJ 

Kit $149, w/t $229. U 

•R451 UHF FM RCVR. Similar to above Tuned line front end. 
0.25uV sens. (0.1uV with optional hel. res preamp). Kit $149, 
w/t $229. 

•R901 FM RCVR FOR 900 MHZ. Triple-conversion. GaAs FET front 
end. ®.2uV sens. Kit $169, w/t $259. 

•R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220 Without hel 
resorafc. Kits only $129. 

•Weather satellite & AM Aircraft receivers also avail. 


FCC TYPE ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 
FOR HIGH-BAND AND UHF. CALL FOR DETAILS. 


GaAs FET PREAMPS 

at a fraction of the cost 
comparable units! 


LNG 

GaAs FET /if _ 

PREAMP Y 

Lei 

ONLY $59! 

Wired/tested 


FEATURES: 

•Very Low Noise: 0 7d8 VHF. 0 8dB UHF 
•High Gain: 13-20dB. depending on frequency 
•Wide Dynamic Range: lo resist overload 
•Stable: new-type dual gate GaAs FET 

• Specify tuning tenge desired 26 30. 46-56. 
137-150. 150 172. 210 230. 400 470. or 
800-960 MHi 


^ LNW -(*) 

MINIATURE 

GaAsFET 

PREAMP 

0NLY$24/klt. 
$39 Wired/tested 

GaAs FET Preamp 

similar to LNG. except designed for low cost 
& small size Only 5/8*Wx 1 5/8’L x3/4'H 
Easily mounts in many radios 
• Specify tuning range aesired 25 35. 35 55, 
55 90. 90 120. 120 ISO. J50-200. 200-270. 
or 400 500 MH/ 


% (7 


HIGH-SPEED 
DIGITAL RF 
LINKS 


LNS-(*) 


IN-LINE 

PREAMP 


ONLY $79/mt. 

$99 Wired/tested 

GaAs FET Preamp with features similar to LNG 
senes, except automatically switches out of 
line during transmit. Use with base or mobile 
transceivers up to 2 5W 

*Specify tuning range desired 120-175. 
200240. or 400 500 MH7 


Low-noise preamps with helical resonators 

reduce intermod & cross-band interference in 

critical applications 

MODEL HRA-C), $49 vhf, $84 uhf 

• Specify tuning range desired 143 150. 150 
158 158 162. 162374 213233. 420450. 
450465 or 465 4 75 MH.- 


You've waited a long time for a 
simple, reliable, low-cost 960® 
baud PACKET NETWORKING 
system Now you've got it' Our 
new MO-96 MOOEM and direct 
FSK Transmitters and Receivers 
for 220 or 440 MHz interface 
directly with most TNC's Fast 
diode switched PA's output 15 
or 50W Call for complete info 
on the right system for your 
application. 


•COR-3 Kit Control ckts and 
audio mixers needed to make a 
repeater Tall & time-out timers, 
local spkr ampl. courtesy beep 
$49 

•CWID Kit. Field programmable, 
timers, the works $59 

• TD-2 DTMF DECODER/ 
CONTROLLER Kit Full 16 digits, 
switches 5 functions, toll call 
restrictor, programmable, much 
more Great for selective calling 
too' $79 

•AP-3 AUTOPATCH Kit Use 
with above for repeater auto¬ 
patch. Reverse patch and phone 
line remote control std. $79 
•AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit Use with 
above for simplex autopatch 
$39 

•MO-202 FSK DATA 
MODULATOR Kit Run up to 
1200 baud digital signals 
through any'fm transmitter with 
lull handshakes Radio link 
computers, telemetry gear, 
etc $39 

•DE-202 FSK DATA 
DEMODULATOR Kit for revr end 
of link $39 


RECEIVING 

CONVERTERS 


VHF 

MODELS 
Kit with Cam 
K it fm Cam 


144 140 
140147 

SS9 144 140 
$39 

210224 


Wired tt/ciM 169 222 224 20 M 


UHF MODELS 

Kit S69 4 1 } 4 144 140 

Kit lets Cam $49 iu4h *>m 

*'«>*'*” ™ ££ 

•02 022 4 J04VJ 

See catalog tor tuti line or 2w transmitting 
converters for vhf A uhf hits onty S 79 
Linear Amplifiers avail up to 50 w 


• Send $1 for 36 page catalog by return mail. 

(S 0 nd $2.00 or 4 IRC’* for overseas mailing) 

•Order by phone or mail • Min $3 S & H per order 
•Use Visa, Mastercard, Check, or UPS COD. 


1 25th Anniversary 


hamlromcs, me. 
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NOW! 


Your Ham Dollar Goks 
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CAU OR WRITE FOR SPECIAL QUOTE 


Wne" i! co^es !o 

FAST DELIVER* honest DEALING ana 
PROMPT DEPENDABLE S E R V I C-E Sacn-uP 
We don i |usi advertise a — WE GivE it* 



AMERICA S MOST RELIABLE AMATEUR RAOIO DEALER ’ 


SELL-TRADE 

New & Reconditioned 


In 1937 Stan Burghaidt (W0IT). because ol his intense interest in 
amateur radio, began selling and servicing amateur radio equipment 
in conjunction with his radio parts business We stand proud ol this 
long-lasting tradition ol Honest Dealing. Quality Products and 
Dependable "S-E-R-V-l-C-E"! 

Above all. vie lully intend to carry on this proud tradition with even 
more new product lines plus the same "fair" treatment you've come 
to rely on Our reconditioned equipment is ol the linest quality with 30. 
60 and even 90-day parts and labor warranties on selected pieces 

And always remember: 


wr/S (reaT you 


— WE 

At A 
Almco 
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Arnphervi! 

Amp Supply 
•‘y.'efiru 
specialists 
A'tron 
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SERVICE 

beIden 

Bencher 

Bird 

Butternut 
Cent ur inn 

CFS 

Cuchc.rjf t 

Daiwa 

Hust'er 


WHAT WE 

I com 

Jerold/Delhi 
Kantronics 
KDK/F ncomm 
KIM 
I aser. 

NFJ 

Mirage 

Moseley 


SELL — 

Nye 

Palomar 
Radio Callboov 
Rohn 

Telex/Hyqain 
Ten-Tec 
Trio-Kenwood 
UnadiHa/Reyco 
Yaesu 



STORE HOURS 
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Writ* today for our lat**t Bulletin/Used Equipment List. 


Ham Equipment 

t .til ur V\ rile l's T*hIu\ F«»r a Ouoic* 
You'll Find IN to hi-C uurtcouv knimlcdgcaMc 
and Honest 

PHONE (605)886-7314 
fax (605) 886-3444 


PAKRATT" Model PK-232 
PAKRATT'- Model PK 64 



For Commodore C-64 Users 


Special Close-Out!! 
PK-64 with HF Modem 

with ASCI I.Packet.Baudot,CW.Amtor 

Now only $ 139.95 


✓ 139 



SSB LLEU IRONIC TRANSVERTERS A PREAMPLIFIERS 


LT 2S 144/78 XVRTR TOW GaAsfei DBM $549 

l. T33S 90?/144 Xvflr TOW GaAsfel $599 

LTT3S 1T96/144 Xvftr 10W GaAsfet $549 

MICRO 13 T304/144 XVRTR 0 5W GaAste! $4?9 

MICRO X 10368/144 Xvrtt 0 lWGaAsfel $599 


OX senes low nose GaAstft prejmp* trom$1?9 
MV mast mounied GaAsfe! jye,»mc*$l99 

K senes m cnvlrs GiAsfel DBM horn S129 

TRANSVERTERS UNLIMITED 

T?20/?8 ??0 MHz Xvrft 78 Of 50 If ?0 W S??0 

T 144/?8 144 MM; Xvrtr 78 w 50 If. 75 W S199 

PA33700 90? MHz ? tut* PA ?00W * $499 

PA73150 1?96 Ttube PA 150* W S449 

PA1325 7304 ItuOePA. 25 ♦ W $479 

HE 400 HtQt) power refey ?Kw 41 144 MM; S1 ?9 

RK500 Medium powet reUy 1KW at 144 MH/ S 69 

Factory Authorized Dealer lor SSB Electronics 
lor North America 

TRANSVERTERS UNLIMITED TRANSVERTERS UNLIMITED 

BOX 6786 STATION A (US) 

TORONTO ONTARIO P0 BOX 178 

CANADA M5W 1P3 NEW BOSTON NH 030/0 

1416) 759 556? (603)547 7713 
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SYNTHESIZED 

SIGNAL GENERATOR 


ItMaMBR model 
HmmBS sc: iooi 

M«0L IN f—7 $429.95 

us * dellniM 

• Covers 100 MHz to 199 999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy + / - 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out¬ 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc @ Vi Amp • 
Available for immediate delivery • $429.95 
delivered • Add on accessories available 
to extend Ireq range, add infinite resolu¬ 
tion. AM. and a precision 120 dB attenuator 

• Call or write lor details • Phone in your 
order for fast COD shipment 

VANGUARD LABS 

196-23 Jamaica Ave.. Hollis. NY 11423 
Phone: (718) 468-2720 Mon thru Thu. 


MAKE CIRCUIT BOARDS 
THE NEW. EASY WAY 



WITH TEC-200 FILM 


JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 film using 
any plain paper copier 

• Iron film on to copper clad board 

• Peel oft film and elch 

SATISFACTION GUARANTEED 
convenient BVr x 11 size 

5-Sheets for S3.95 
10 sheets only $5.95 

Jddjl QOposLigr NY »es add sNes U» 

The MEAD0WLAKE Corp. 

DEPTG. P O Box 497 
Northport. New York 11768 
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fig. 3. The "Short Wave Craft” magazine changed it name to "Radio and Television" in 1940. 
after a brief existence as "Short Wave and Television " But by 1941 the magazine was frag 
mented. vainly trying to appeal to various radio hobbyists. After the war. the magazine 
combined with other Gernshack publications and eventually became "Radio Electronics." 


thought impossible. He had estab 
lished the world's first radio store and 
sold the world's first radio magazine. 
His name, Hugo Gernsback, was well 
known as that of the publisher of 
science fiction magazines. Now he 
was going to turn his hand to publish 
ing the greatest magazine in the world 
for shortwave enthusiasts! 

Short Wave Craft magazine 

The first issue of Short Wave Craft 
magazine hit the newstands in 1930 at 
the exorbitant price of fifty cents. 
Though the pricing was a blunder, the 
magazine was an immediate success; 
the cover price soon dropped to a 
quarter. Bursting with new ideas and 
exciting circuits that a high school lad 
could understand, the magazine quick 
ly became a focus of interest among 
the younger generation. It opened the 
door not only to shortwave radio, but 
to Amateur Radio as well (figs. 1, 2. 
3). 

While a certain proportion of the ar 
tides sailed over the heads of most 
readers for example, those about 
sideband transmitters (see fig. 4), in¬ 
verted speech for transatlantic tele 
phony, and curtain array antennas 
each issue had enough down-to-earth 
conduction material to satisfy begin 
ning hobbyists. 


"afternoon radio DX" 

One of the greatest attractions of 
Short Wave Craft was the number of 
"do it yourself" articles. Ham radio 
was going through a population explo 
sion, with ranks increasing from slight 
ly over 20,000 to over 34,000 in only 
two years! Most of the new Amateurs 
were high-school boys who had plenty 
of enthusiasm all they needed was 
information. As the magazine pointed 
out, a second hand battery operated 


broadcast receiver bought for 25 cents 
or less could provide everything need 
ed to get on the air with a receiver and 
a phone transmitter! 

The receiver was a two-tube job 
(fig. 5). Either type 30 or type 201A 
tubes could be used. All of the parts 
came from the defunct battery set. A 
passable pair of headphones cost less 
than a dollar, and doorbell batteries 
could be had for next to nothing. 

The transmitter circuit (fig. 6), how 
ever, was another matter. The big 
stumbling block was the microphone. 
Everything else came from the old 
broadcast receiver. If you knew the 
right guys, you could get a "mike" 
from a telephone for fifty cents. (They 
were probably "liberated" from pay 
phones, but it was wise not to ask too 
many questions.) 

Once all the parts were assembled, 
a day's work would produce a bread 
board transmitter that would work in 
the 160 meter band. It ran about 20 
watts input, which, with a 120 foot an¬ 
tenna, provided a range of about 50 
miles. 

This was a lot of fun! The band 
came alive about 3:30 in the afternoon, 
when everybody started coming home 
from high school. From that time, un 
til just before dinner, the band was 
yours! These wobbly, little phone 



tig. 4 A look al single sideband in 1930, when it was hardly a household word 1 Be 
cause of the problem of building a high Q sideband filter, the early transmitters start 
ed out with a balanced modulator in the 20 kHz to 50 kHz range This circuit shows 
sideband generation in the 16 19 kHz range, with additional mixing to 265 kHz 
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*** Super Comshack 64 *** 

Programable Repeater Controller/HF & YHF Remotes/Autopatch 

Rotor Control/Voice;CTC3S;2 Tone Paging/User Logging/Unltmlted Vocabulary 


C564S • HM I» CART* CSS *BASE TX/RX 


f T-72 7R/767;fS-711/611 

•Change all variables remotely 
•Prugramable synthesized voice 
•Program mail box or select ID 
tail mess with touchtones from HT 
•Alarm clock & auto excute mode 
•Macro commands/user logging 
•Individual user access codes 
•Code practice & voice readback 
•Multifunction voice alarm clxk 


*20 Macro mem/auto mode set. 
•Scan up/down sel. rate or step 
•Voice ack all control commands 


AUTOPATCH 

f tOTOR CONTROL 

f ERSE PAT CfT 

I* 1000 (18 digit)tel. *'s stored 
*1000 calls paged/CTCSSfk 2 tone 
|*50 enable/disable tel *'s 
•Individual access privilages 
•Directed/general & reverse page 
i*Full or Half duplex (level cont.) 


The CS64S is the most advanced 
control system available at any 
price. Total control of your ham 
shack/club station. Each user has 
Individual access codes and 
privilages granted by the control 
op All user's logged to disk &/or 
printer Hl/lo priority patch & 
security/monltor/lock modes 
Talking Packet BBS Input soon. 


Super Comshack CS64S *349 95 
♦ *4.00 ship USA; tncl. computer 
Interface, disk, cables & manual 
(simplex verston Inc. on request) 


•Directed/general & reverse page •External Relay Control 3 DPDT relays ♦ 
•Full or Half duplex (level cont,) 5 open collector outputs.. CS-8J79.95 
•Security mode/ TT readback an/off "EPROM Auto boot Cartridge customized 


•Store MCI/Sprint tel. *'s 
(•Reverse Patch active all modes 
|*Call waiting/quick dial Preset 
Y .H .f, R EMOTE *2 
•Dual VFO's/ Rev/Split/COR detect 
•Set Scan Inc. & offset/var resume 


with your system. CART*99.95 

•Beam control, speaks bearing and rotates 

beam ;I degree mere. HMI *49.95 

•Manual (Refunded) .MNI *15.00 
•Row & col. freq. control. .RAP *149.95 
•C64 D C. Switcher P S DCPS *1 19 95 


| Yueau 

IFT727R 


Programs and Scans 100 ch. In Ham/Oeneral coverage. Converts "Draws l .1A@12v. 

I tJIjTto a powerful 100 ch. scanner^ programs all for field use 1 *70khz 75* efficient j t2v 1 

’Digital "S" meter; stops scan "Outputs 5v @2 amps L J 

frpmS(l-9);Autoresume and9vac60Hz 

loads & programs all FT-727R 'Crystal time base K C64 

parameters in less that 15 secs. "Plugs IntoC64 power 7 
’Includes ha rdware & disk for C64 MODEL DCPS.*119.95 

riBM pc | M0DEL727S *39.95 jouchtone 4 Digit Decoder 
^=-1300 TTsaSn * on/off latch with all 16 Plaits 

■ I I BAUD_JiHur APPEE 


•Digital "S" meter; stops scan 
from S( 1-9), Auto resume 
"Loads & programs all FT-727R 
parameters in less that 15 secs. 
•Includes hardware & disk for C64 


Program your computer tn basic to decode multidigit "strings”, sound 
alarms, observe codes, includes basic progr am for C64 VIC20/C126; 

works on all c omputers I _ T MODEL DAP >69.95 

•Audio Blaster’ IC-02/04 AT;2AT;U16;FT209;FT727ft 
I Module Installs Inside the radio in 15 Min. Boost audio to 
MM I watt 1 Low standby drain/Corrects low audio/1 O OP's of 
WfM happy users MInature audio amplifier--> ~ 

Used by Police,fir e, Emergency, when it needs to be HEARD I 
I S-fd f woWl thats loud"! FOR ALL H.T.'S 

r—-- T— r -r- rrr 



hear everything' 


Expandable 
Repeater 
on/off 
control 

3.3" -R 

•Low power CMOS ♦ 5 to * 12 Volts 
•User programable 50,000, 4 digit codes 
•Send code once to turn on, again to turn off 
•Momentary & Latch output drives relay 
•Wrong digit reset, no falsing, 2 to 4 digits 
•Mute speaker audio until call Is received 
•LED displays latch state; Optional 4 digit 
extra custom latch,(7225) IC's 16.95 eo. 


MODEL ABI *19.951‘Model ISO *59 95 


CNlainECnlNu cuasuu mu aoo ynnuLewuuu ai. ancx, cn. 
MASTERCARD - VISA ** CHECK- M.O, - CA RE3. ADO IX TEl: 714-671-2009 


K XiVli FULL COVERAGE! ALL BANDSl AUTOMA- 
^ y TIC SELECTION with PRO VEN Weatherproof 
\/ r leafod Traps - 10 Ga Copperweld Wire! 
* ff\ GROUND MOUNT SLOPERS - No Radlala 

. M ^ ' naadadl Ground to rod o r house water faucet! 

i»_- / Connect Top to Trees, Buildings, Poles, etc at 

d— / ANY angle from Straightup to 60 degrees for 

7)1 — 'd —:— excellent ’SLOPEH" DX Antenna Gain or 

JJ—bend It anywhere you need tol 2000 Watt 
x u PEP Input, max. Permanent or portable Uae 

■ [/J *«•*•«• to 10 minutes. SMALL - NEAT - 

2-/®' ALMOST INVISABLE - No one will know you 

hsve a Hl-Power DX Antenna. Ideal For COND'O* APAHT- 
MENTS- RESTRICTED AREAS - Pre-tuned for 2-1 or less 
SWR u»»r ALL bands (excapt 8O-16O-30Okc) No adjust¬ 
ments needed - EVER. COMPLETELY ASSEMBLED, with 
50 ft RG-5BU Coax feedline and PL259 connector- Built 
In lighting arrestor - ready to hookup) FULL INSTRUC¬ 
TIONS! 

No. 10B0S - 00-40-20-15-10— I trap 49 ft.- $59.95 

No. 1040S — 40-20-15-10 — 1 trap 26 «.-$56.95 

No. 10205-20-15-10-1 trap 13 ft.-$57.95 

No. 10 16 S-160-B0-40-20-15-10 -2 traps 03 ft. - $69.95 
SEND FULL PRICE FOR PP DEL IN USA(Canadais $5 00 
extra for postage etc) or order using VISA, MASCARD * 
AMER EXP Give Number Ex Oate. Ph 1-308-236-5333 
weekdays. We ship In 2-3 days(Per Cks 14 days) Guaranteed 
1 yr - 10 day money back trial. 

WESTERN ELECTRONICS 
Dept. AH Kearney, Nebraska 68647 


AMATEUR RADIO MAIL LISTS 

Self-stick 1x3 labels 

*** NEWLY LICENCED HAMS *** 
*** ALL NEW UPGRADES *** 
*•* UPDATED EACH WEEK *** 

Total List = 462,728 (ZIP sorted) 

Pi ice is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 
703:894-5777 
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Chcke *A4‘ B4'45V 


|ubt N? 22 DC C 


FASTEN BEGINNING of 
TO THIS SCRt'W 

/ Small SCREW 

f , WITH 2 NUTb 

TAP OT 22 TUHN'j FASTEN 
TO ABOVE SCMt w rov , 
3500 KC 6ANQ_ f 

TURNS FROM 
TURN t-ttOUNO TAP AHO 
. ROTOR Cr 71 'COHO ) 


" P ON 
TI2AN'j FORMER 


WIND ALL WIRE IN 
The SAME. D'ktCTiON 


fig. 5. A real shortwave receiver for 
pennies that actually works. Thou 
sands of would-be hams built this sim¬ 
ple set from the pages of “Short Wave 
Craft” during the "thirties” and were 
thrilled with world-wide reception. 

transmitters allowed groups of en¬ 
thusiasts to talk all over town and 
once in a while — even out of state! 

Then, shortly after 5:00, the "big 
boys" started coming on the air, after 
getting home from work. How could 
a little 20-watt modulated oscillator 
compete with a high-power, 50-watt 
crystal-controlled rig? It couldn't, and 
the high-school gang regretfully went 
QRT until the next day. 

As the months went by, the high- 
school afternoon gang slowly disap¬ 
peared. Some went to college, others 
got jobs. Most of them upgraded their 
equipment and the little oscillators 
were forgotten. 

So was Short Wave Craft magazine. 
The breathless, wide-eyed approach to 
shortwave radio was out of fashion. 
Build-it-yourself projects still appeared 
in the magazine, but they were aimed 
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at more technically minded readers. 
An increasing portion of the magazine 
was devoted to television. More and 
more young Amateurs turned to QST, 
which suited their moods better. Even 
so, the "greatest little radio magazine 
in the world" lasted until after World 
War II, when it was reborn as Radio 
Electronics, which endures today as 


one of the many Gernsback Publi¬ 
cations. 

TVI revisited 

Now that 10 meters is coming back 
to life, the problem of TVI is becom¬ 
ing more prevalent. Since the last big 
period of 10-meter activity (around 
1978), television has undergone 


changes. More and more receivers are 
either on cable systems or, if they're 
not, employ 75-ohm coax lead-in in¬ 
stead of the popular 300-ohm ribbon 
line. 

TVI (high-pass) filters are available 
for 75-ohm line, but they don't seem 
to do the job. I've given some filters 
to my neighbors, but they report very 
little improvement when I'm on 10 
meters and they're watching channel 
2. I crosshatch the screen with lines 
regardless of whether the filter is in¬ 
stalled in the line or not. 

The problem seems to be that the 
75-ohm line acts as an antenna for my 
signals, and the TV antenna itself has 
little to do with it. If the coax line can 
be broken at the set, from a TVI point 
of view, the interference should dis¬ 
appear. 

My friend "Bip", W6BIP, who's an 
expert when it comes to TVI problems 
and solutions, tipped me off on how 
to cure this worrisome interference. 
His solution, which works fine for me, 
is to use two 4:1 TV balun transform¬ 
ers back-to-back with a 300-ohm TVI 
filter connected between them (fig. 7). 
The balanced filter breaks both line 
conductors and the baluns prevent line 
unbalance caused by inserting the 
filter. 

Bip cautioned me that the little TV 
baluns (which are nothing more than 
a few fine windings on a ferrite bead) 
have some loss, and if this trick is tried 
in an area of low TV signal strengths, 
it might put too much "snow" on the 
picture. The solution, then, is to install 
a broadband amplifier after the filter 
and before the TV set. 

Bip also pointed out that it's good 
insurance to wrap the power cord to 
the TV around a high-permeability fer¬ 
rite core just to prevent the possibility 
of your signal sneaking in through "the 
back door” of the TV set. 

I'd be interested in hearing from 
readers who have solved tough inter¬ 
ference problems. Your solution may 
help others who are in trouble. Write 
to me at Box 7508, Menlo Park, Cali¬ 
fornia 94025, with your ideas. 

ham radio 



fig. 6. This modulated oscillator provided a 15 watt carrier. If properly built, the stability 
was passable and audio quality was quite good, considering a telephone microphone 
was used. The whole rig was breadboard construction on three shelves. Hams who could 
not afford a 10 transmitting tube, dropped the voltage and used a 245 or a 226, depend¬ 
ing upon the state of their pocketbook. 
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rebuild your C-64 
keyboard with C-16 parts 

Some heavily used Commodore 64 
computers develop the dreaded "key¬ 
board stutter" and certain letters fail 
to print as their keys are depressed. 
Disassembling the keyboard unit and 
cleaning the printed circuit board 
provides only a temporary solution as 
the cause of the problem is a loss of 
elasticity in a small plastic part in the 
keys. 

Radio Shack stores, Jameco, and 
All Electronics Corporation sell a sur¬ 
plus keyboard unit for the Commodore 
16 computer. While not electrically 
compatible with the C-64 keyboard, 
the moving mechanical parts are iden¬ 
tical and can be used to rebuild it. The 
job takes a couple of hours and re¬ 
quires more patience than technical 
expertise. Use the procedure below to 
minimize parts fall-out. 

Start by removing all the keytops 
from the C-16 board. They can be 
snapped off their pins by prying under 
one side with a flat screwdriver while 
pressing against the opposite side with 
your thumb. There is a small coil spring 
under each keytop. Set the keyboard 
aside. 

Open the C-64 by removing the 
three screws underneath and gently 
prying the unit apart at the front. 
Unplug the top unit from the main 
board and set the bottom unit aside. 
Remove the keyboard from the top 
part of the computer by taking out the 
large Phillips head screws. Set the top 
part of the case aside. Take the key- 


tops from the C-64 keyboard and in¬ 
stall them on the C-16 board. Make 
sure that a spring is in place under 
each keytop and each key is snapped 
in place on its pin. 

Unsolder the two wires attached to 
the small gray plastic square on both 
keyboards. Detach the printed circuit 
board from the C-16 keyboard by 
removing the 30 or so tiny Phillips 
screws and gently prying it out. Dis¬ 
card this board and the attached wires. 
Take the printed board from the C-64 
keyboard and install on the C-16 
board, making sure the two wires are 
soldered in place. Discard the remains 
of the old C-64 keyboard. 

Install the rebuilt keyboard in the 
C-64 and reassemble the computer. 
Enjoy! 

Don Norman, AF8B 


curing FT-101ZD 
key clicks 

The FT-101ZD transceivers are indeed 
excellent. But when we used a couple 
of them in our multi-multi cw contest 
station, we received several reports of 
heavy key clicks from frequency 
neighbors. 

After the contest, I spent a number 
of hours trying various modifications 
to the solid-state keying unit located 
in Rectifier B, with two burned-out 
transistors and only marginal improve¬ 
ment. Finally I decided that the time 
constants in the 12BY7A driver and the 
6146s final grid bias circuits had to be 
changed. 


This was a quick and easy solution. 
Installing two capacitors — a 0.47-to- 
1.0 fiF capacitor from the 12BY7A bias 
terminal to ground and a 1.0-to-3.0 //F 
capacitor from the 6146 bias terminal 
to ground — eliminated all clicks. Both 
of these capacitors should be rated at 
200 volts dc or more, and the positive 
ends of the capacitors should go to 
ground. (The lower values are for the 
80 wpm types. At 30 wpm, the higher 
values are fine, although either set will 
eliminate the problem.) 

The modification is simple. Remove 
the top and bottom covers of the 
FT-101ZD and place the set on its 
right side. The Rectifier B Board is 
located near the back. Terminals are 
clearly identified: the ground terminal 
is towards the rear of the set on th~ 
second row of terminals; the 12B' <- 
bias terminal is the third terminal, and 
the 6146 bias terminal is the fourth ter¬ 
minal in that row. 

I later decided that a slightly better 
solution would be to connect the 
negative end of the capacitor for the 
12BY7A to the junction of R12 and 
R17, and the negative end of the 
capacitor for the 6146 to the junction 
of R13 and the center lead of VR01. 

I tried this with clip leads and it 
worked, but a permanent installation 
would have been more difficult. The 
keying is clickless now, so I left it 
alone. 

(Others have tried this modification 
on the FT-901, FT-902, and FT-102 
and found it to be effective.) 

R.H. Mitchell, N5RM 
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RAMSEY ELECTRONICS 


QUALITY TEST GEAR 
YOU CAN COUNT ON 



RAMSEY FREQUENCY COUNTERS 


INCLUOIS 2 HOOK-ON PROBES 'H33.3J 

35 MHz DUAL TRACE 

wide frequency bandwidth- optimal sensitivity -delayed 
triggering sweep—hold off ALT trigger—single sweep TV sync 
5X magmfication-XY or XY/ operation- HF«IF noise reduction 


INCLUDES 2 HOOK ON PROBES *JDu.aJ 

20 MHz DUAL TRACE 

Features component testing circuit for resistors capacitors 
digital circuits and diodes-TV sync filter-high sensitivity 
2 axis—XY mode—built-in calibrator-5X horizontal magnifier 


^ _ nrt * THE COMMUNICATIONS 
* 2495 °° SERVICE MONITOR THAT 
WORKS HAROER FOR LESS. 

Introducing COM 3 the new service monitor designed by service 
technicians for service technicians It works harder for less giv¬ 
ing you advanced testing capabilities at a very affordable price 
FEATURES • Direct entry keyboard with programmable memory 
additional • Audio & transmitter frequency counter • LED bar graph Ire 
S10.00 for each quency/error deviation display *0 1 10.000 /jv output levels • 
unit for Hl ° h rece,ve sensitivity, less than 5#jv • 100 KHz to 999 9995 MHz 

Continuous frequency coverage • Transmit protection up to 100 
Shipping watts • CTS tone encoder t KHz and external modulation 


SUITABLE FOR HOBBY. SERVICE & PRODUCTION 


UNSURPASSED 


<11 include high quality II (III mat an modn mWiKIwi'Htviu ainutl with iclwnulic tnd cwpoiaM liyaui I ywf wirrMty 


^HJIOOCOMTER CT-70 7 DIGIT 525 MHz CT-909DIGIT600MHZ CT-508DIGIT600MHz CT 125 9 DIGIT 1.2 GHz 


Ramsey Eleciiomcs has been manufacturing electronic 
test gear lor over 10 years and is recounted toi lab qual 


IISS IHthJSn, 


’oh/ in oh/ 


Ity products at breakthrough prices Our Irequency court 
ters have features and capabilities ol counters costing 
twice as much 


i»n» In 6CO MM/ 


PR-2 COUNTER PREAMP 

VO IhePH ?i5idi‘,il lor measuring we.it signals 
»nMinclude trom tOlo I.OOOMH/ • llai25ilbaain • HN(. 
<c MtaniM connectors • great lor smiting Rf • ideal 
W?ti-s 3995 receiver i IV preamp 

PS-2 AUDIO MULTIPLIER 

the PS 2 is handy lor lugh resolution audio 
SRQ95 resiiliilion measuiemenls mulliphrsUp.i 

Irequency • gieallor PI lone measurements 
*" ?e . mullgiies by K) or 100 • 0 01H/ resolution 

ps .’» ■ Me ss Shuill in signal preamp/condiiiorici 

PS- 10B1 GHz PRESCALER 

intends thetangeol your present counter to 
SRQ95 1 GM* * /’slagepreamp • divide by lOOOcir 

03 niry • uper sensitive IbOmV lytm all • 

•nnniKiudn BNCconnectois • IGH/m I MH/oul • 
kiuhh drives any counter 


RAMSEY D-5100 
HANDHELD DIGITAL 
AUTORANGING 
METER 

* 49.95 

Include* Probes 


Provides distinctive audible chiip.diet 
coniact has been made and meler leading 
has stabilized Has TOUCH HOLD feaiuie 
to allow readings lo be logged or referred 
to before making ihc next reading Up to 
10 AMP cut rent capability and a continuity 
function which beeps on zero Ohms 


L ompaci sized reliability and accuracy 
t his LCD digital multile&ter easily tils in 
your pocket you can fake if anywhere It 
N atures full overload protection • 3 
figif LCD readout • recessed input jacks 

• safety probes • diode check function 

• 2000 hours battery life 


MODEL 
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CRT SIZE 
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SENSITIVITY 
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ACCESSORIES FOR RAMSEY COUNTERS 


Telescopic whip antenna—BNC plug.S 8.95 

High impedance probe, light loading. 16.95 

Low pass probe, audio use. 1695 

Direct probe, general purpose use. 13.95 

Tilt bail, lor CT-70.90.125. 3.95 


_ PHONE ORDERS CALL 

ZZ 716-586-3950 H 

TELEX 466735 RAMSEY Cl 
FAX 716-586-4754 


TERMS • latnUcnon guiuoiMd • nmiMlv 10 day* ilMpliutd 
return in anginal torm lor rriund • add 6 s < lor Pupping and iniuranct lo a 
ran imum ol >10 00 • lorosgn add IS'. lor lurlaco nail • COO add SZ SO 
I COO m USA only I • ortfori under IIS 00 add H SO • NY r tndemi add T. 
uin tai • 90 day parti warranty on all Utt • l yur part* A labor 
warranty on all Wtrodwwu 
RAMSEY ELECTRONICS. INC 
2575 Baird Rd 
Penlield. NY. 14526 
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HAM STATION 


P.O. Box 4405 
220 N. Fulton Ave. 
Evansville, IN 47710 

Store Hours 
MON-FRI: 9AM • 6PM 
SAT: 9AM • 3PM 
CENTRAL TIME 

SEND A SELF ADDRESSED STAMPED 
ENVELOPE (SASE) FOR NEW AND USED 
EQUIPMENT SHEETS 

WARRANTY SERVICE CENTER FOR: 
ICOM, YAESU. TEN TEC 

FOR SERVICE INFORMATION CALL 
(612)422-0252 
MONDAY FRIDAY 
9.-00 AM 12:00 NOON 


TERMS: 

Prices Do Not Include Shipping. 
Price snd Availability Subject lo 
Change Wllhoul Notice 
Most Orders Shipped The Same Day 
___ COD's Welcome ,_ 
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FT-767 

• HF/VHF/UHF Base Station 

• Plug in Modules tor 
6m, 2m, 440 MHz 

• Loaded with Features 


FT-727R 

• Two Affordable 
Radios in One 

• 2m/440 MHz Handheld 

• 5W on Both Bands 

• Ten Memories 

• Multi-Scan Systems 

• Battery Saver 


-I 


• Top-Of-The-Llne High Performance 
HF Transceiver 

• Built-In Power Supply 

• Built-In Automatic Antenna Tuner 

• SSB.CW.FM, AM.RTTY 

• 160-10m General Coverage Receiver 

ALINCO 
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PARAGON 

• Full Featured Synthesized 
HF Transceiver 

• General Coverage Receiver 

• lOOw Output 

• SSB, CW, FSK, Optional FM 

• 62 Programmable Memories 

• Made In USA 


ifxncept/ 

VHF/UHF 

AMPS 


-#■ 


ALD-241 ^ 

• Dual Band Mobile 

140-149 995 MHz/ 440-450 MHz 

• 21 Programmable Memories 

• 25 Watts Output on Both Bands 

• Loaded with Extra Features 


SPECIAL 

MFJ 989B 
3 KW Tuner 
$295. 

• SWR/Wattmeter 

• Antenna Switch 

• Built-in Dummy Load ^ 


For Orders and Price Checks Call 800-523-7731 


• High VSWR and 
Overdrive Protection 

• 5 Year Warranty, 6 Months on RF 
Transistors 

• All Units have GaAsFET Receive 
Pre-amps 


, AMERITRON, AMP SUPPLY 
IUT, B&W, CSI, CALLBOOK, 
HUSTLER, ICOM, KDK, 
tAGE/KLM, NYE, PALOMAR, 
ELEX/HYGAIN, TEN-TEC, 
YAESU 


Indiana and Information 
Call 1-812-422-0231 


BLACK DACRON " POLYESTER 
ANTENNA ROPE 

• UV-PROTECTED 

• HIGH ABRASION RESISTANCE 

• REQUIRES NO EXPENSIVE POTTING HEADS 

• EASY TO TIE & UNTIE KNOTS 

• EASY TO CUT WITH OUR HOT KNIFE 

• SIZES 3/32" 3/16" 5/16" 

• SATISFIED CUSTOMERS DECLARE EXCEL 
LENCE THROUGHOUT U S A 

LET US INTRODUCE OUR DACRON’ 

ROPE TO YOU • SEND YOUR NAME AND 
ADDRESS AND WE LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION 

Dealer Inquiries Invited 




- • ?47? EASTMAN AVE BUUDING21 

wr. synthetic viniura cAuroRNiA93oo:i 

textiles.inc. i8a,iws79<H 


r.as_> • I o-lise Logbook 
Program For Your 
MS-DOS* Compatible Computer 

* Complete Cursor Control 

* Room to store complete 
address information 

* A Real-Time Log 

* Total QSL's by State 

* 900 QSO's on floppy, hard 
disk limited by space available 



Make Cheeks Payable To 

MORGAN SOFTWARE 
P.O. Box 2400 

East Liverpool. Ohio 43920-2400 


SPECIALISTS 

IN FAST TURN 

P.C. BOARDS 


PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 

• SINGLE & DOUBLE SIDED 

• PLATE THROUGH HOLES 

• TEFLON AVAILABLE 

• P C DESIGN SERVICES 

FOR MORE IN FORMA TION _ 

WM «■ /Midland 

Technologies 


34374 EAST FRONTAGE ROAD 
BOZEMAN. MT 59715 (406)586-1190 
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PRACTICALLY SPEAKING 



noise, signals, and 
amplifiers 

Gain, bandwidth, and passband 
shape are important amplifier charac¬ 
teristics on any band, but circuit noise 
is the first consideration with VHF, 
UHF, and microwave amplifiers. In the 
spectrum below VFIF, manmade and 
natural atmospheric noise sources are 
so dominant that most receiver noises 
are masked. But at VHF and above, re¬ 
ceiver and amplifier noise determines 
system performance. In this month's 
column, we look at the various sources 
of noise and why low-noise amplifiers 
(LNA) are used only in the first stage 
or two of a receiver or cascade chain. 

At any temperature above Absolute 
Zero (0°K or -273 °C), electrons in any 
material are in constant random mo¬ 
tion and there is no detectable current 
in any single direction. Electron drift in 
any single direction is canceled over 
short time periods by equal drift in the 
opposite direction. There is, however, 
a continuous series of random current 
pulses generated in the material. 
Those pulses are seen by the outside 
world as a noise signal. This signal is 
called: thermal agitation noise, thermal 
noise, or Johnson noise. 

It's important to understand what is 
meant by noise in this context. In a 
communications system the designer 
may regard all unwanted signals as 
noise, including manmade electrical 
spark signals, adjacent channel com¬ 
munications signals, and Johnson 
noise. In other cases, the harmonic 
content generated in a linear signal by 
a nonlinear network could be regard¬ 
ed as noise. But in the context of 
VHF/UHF amplifiers and receivers, 
noise refers to thermal agitation (John¬ 
son) noise. 

Amplifiers and other linear networks 
are frequently evaluated using the 
same methods, even though the two 


classes appear radically different. In 
the generic sense, a passive network 
is merely an amplifier with negative 
gain or a complex transfer function. 
We will consider only amplifiers here, 
but keep in mind that linear (passive) 
networks follow the same rules. 

Amplifiers and receiver front ends 
are evaluated on the basis of signal-to- 
noise ratio (S/N or SNR). Designers 
try to enhance the SNR as much as 
possible. Ultimately, the minimum sig¬ 
nal detectable at the output of an am¬ 
plifier or receiver appears above the 
noise level. Therefore, the lower the 
system noise, the smaller the minimum 
detectable signal (MDS). 

Noise resulting from thermal agita¬ 
tion of electrons is measured in terms 
of noise power (P n ), and carries the 
units of power (watts or its subunits). 
Noise power is found from: 

P n = KTB (1) 

where: 

P n is the noise power in watts 
K is Boltzmann's constant (1.38x 
10 23 J/°K) 

B is the bandwidth in Hertz 


Notice in eqn. 1 that there is no cen¬ 
ter frequency term, only a bandwidth. 
True thermal noise is gaussian (or 
near-gaussian) in nature, so frequen¬ 
cy content, phase, and amplitudes are 
equally distributed across the entire 
spectrum. In bandwidth limited sys¬ 
tems, such as a practical amplifier or 
network, the total noise power is re¬ 
lated only to temperature and band¬ 
width. A 20 kHz bandwidth centered 
on 440 MHz should, in theory, produce 
the same thermal noise level as a 
20-kHz bandwidth centered on 144 
MHz or some other frequency. 

Noise sources can be categorized as 
either internal or external. Thermal cur¬ 
rents in the semiconductor material 
resistances produce internal noise. 
Consider the noise component con¬ 
tributed by the amplifier. If noise, or 
S/N ratio, is measured at both input 
and output of an amplifier, the output 
noise is greater. The internally gener¬ 
ated noise is the difference between 
output and input noise levels. 

External noise is produced by the 
signal source(s), so it is often called 
source noise. This noise signal is 
caused by thermal agitation currents 
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in the signal source, and even a sim¬ 
ple zero-signal input termination 
resistance has some amount of ther¬ 
mal agitation noise. 

Both types of noise generator are 
shown schematically in fig. 1. Here we 
model an amplifier as an ideal "noise¬ 
less" amplifier with a gain of G, and 
a noise generator at the input. This 
generator produces a noise power sig¬ 
nal at the input of the ideal amplifier. 
Although noise is generated through¬ 
out the amplifying device, it is com¬ 
mon practice to consider all noise 
generators as a single input-referred 
source. This is shown as voltage Vn 
and current In. 


noise factor, figure, and 
temperature 

System or network noise can be de¬ 
fined in three ways: noise factor (F), 
noise figure (NF) and equivalent noise 
temperature (T e ). These properties are 
definable as a ratio, decibel, or temper¬ 
ature, respectively. 

Noise Factor (F). The noise factor is 
the ratio of output noise power (P no ) 
to input noise power (P n j): 


F = 



T = 290 °K 


( 2 ) 


To make comparisons easier, the 
noise factor is always measured at the 
standard temperature (T 0 ) 290 °K (ap¬ 
proximately room temperature). 

Input noise power P ni is the product 
of the source noise at standard tern 
perature (T 0 ) and the amplifier gain: 


P ni = GKBT 0 (3) 

Noise factor F can also be defined 
in terms of output and input S/N ratio: 


, = S NR in 
' SNR oul 

which is also: 



KTqBG 


(4) 


(5) 


where: 

SNRj n is the input signal to noise ratio 
SNFi out is the output signal to noise 
ratio 

P n0 is the output noise power 


K is 8oltzmann’s constant (1.38 x 
1023 J/°K) 

T 0 is 290 degrees Kelvin 
B is the network bandwidth in hertz 
G is the amplifier gain 


The noise factor can be evaluated in 
a model that considers the amplifier 
ideal, and therefore only amplifies 
through gain G the noise produced by 
the input noise source: 


or. 


KToBG + AN 
Kh.BG 


(6 AI 


A N 

KT„BG 


(6B) 


where: 

AN is the noise added by the network 
or amplifier 

All other terms are as defined above. 


Noise Figure (NF). The noise figure 
is a frequently used measure of an am¬ 
plifier's goodness, or its departure 
from idealness. Thus it is a figure of 
merit. The noise figure is the noise fac¬ 
tor converted to decibel notation: 


NF = 10 LOG F 


(7) 


where: 

NF is the noise figure in decibels (dB) 

F is the noise factor 

LOG refers to the system of base 10 

logarithms 

Example 1 

Calculate the noise tig^re in dB of 
an amplifier that has a noise factor of 
5.27. 


NF a 10 LOG F dB = 10 • 

LOG 5.27 dB = 7.2 dB 

Noise Temperature (T e ). The 

noise temperature specifies noise in 
terms of an equivalent temperature. 
Equation 1 shows that noise power is 
directly proportional to temperature in 
degrees Kelvin, and that noise power 
reduces to zero at Absolute Zero (0 
°K). 

The equivalent noise temperature T e 
is not the physical temperature of the 
amplifier, but a theoretical construct 
that is an equivalent temperature pro¬ 
ducing that amount of noise power. 


The noise temperature is related to the 
noise factor by: 


f T e = (F - 1) T 0 


and to noise figure by: 

(NF 


T c = 


ANTI LOG 


10 


-')] 


Tn 


( 8 ) 

(9) 


Using noise temperature T e , we can 
define noise factor and noise figure in 
terms of noise temperatures: 


F = + 1 (10) 

' o 


and, 


NF = 10 LOG 


To 


+ / (ID 


Curves of noise figure and noise 
temperature are plotted in fig. 2. 

Total noise in any amplifier or net¬ 
work is the sum of internally and ex¬ 
ternally generated noise. In terms of 
noise temperature: 

P n (total) = GKB(T 0 + T e ) (12) 

where: 

P n (total) is the total noise power 
All other terms are as previously 
defined. 

Although the equations tend to 
show absolute equivalence and con¬ 
vertibility between F, NF, and T e , 
there can be confusion about proper 
practices for optimizing an amplifier as 
regards to matching the input and 
source resistances. There is an opti¬ 
mum source resistance for minimizing 
input noise power and for maximum 
power transfer to the amplifier (source 
resistance equals amplifier input re¬ 
sistance). Unfortunately, the two op¬ 
timum resistances are rarely the same. 
While impedance matching is useful, 
some common tactics are not. 

Some designers modify the source 
resistance by adding a series or shunt 
resistance to the circuit. This brings 
the total source resistance seen by the 
amplifier to the optimum value for 
noise figure reduction. In the case 
cited, the noise contributed by the ad¬ 
ded resistor (KTBR) increases input 
noise to a point that dominates and 
masks amplifier internal noise. Unfor¬ 
tunately, this tactic while appearing to 
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# WORLD WIDE AMATEUR RADIO ! 

Your ono sourco for oil Radio Equipment! 


Compltta Butternut Antenna 
inventory In Stock' 


BALUNS. LOW pass filters 


For the best buys In town call: 

212-925-7000 

Los Preclos Mas B«|OS en 
Nueva York 


KITTYSAYS WE ARE NOW OPEN 7 OAYS A WEE K 

Saturday & Sunday 10 to 5 P M 

Monday Friday 9 to 6 30 PM Thurs to 8 PM 
Come to Barry s lor the best buys «n town 


n icom 


ONV Safety 
belts in stock 


S«wVouf et> *th UMARC.NVlSpeerni 

Antennas 

KENWOOD 


FT 767CX FT 757GXII. 

FRG 08OO F T-736 FRG-9600 
FT Z11/711RH FT Z700RH 

SU I 'COM < •"* “»**•• « 

V - 11 1 V/Hl .. ?Ar. '.‘At M.rUenAMaruU 
It; I ii O.’At Ma'on 

, i 11 i, i MUI ,,{ "•> *' 

I A:uu 


PRtVA r£ PA TCMIV Di&tiMOC 


BudwKANt Product* 
FLUKE 77 MuMimetei 


VoConi Mu.ihc Alutco Wy 

Tokyo Hy Po»< r TE SYSTt MS 
Amplifiers & 

VB HT Gain AMI HIT HON AMPLIFIFR AUTHORIZED DEALER 

Antennas IN STOCK 


SANTEC 


Yaesu TTR 2410, Wilson 
ICOM 1C HP J010 (440 MH/j 
ICOM 1C RP 121011 2 GHjI 
ICOM IC-RP 2210 (220 MM/I 


Computer Interlaces 
Stacked Mf J I270B 
MFJ 1272 Ml I 1224 
A| A PH H7 PM I 
PK 232 W TAX 


.Soldering 

Station. 


Ten Tec 
Tuner 279B 


48 Watts. S 6 B 

UtCOOlfK. ART I All Ck*k 
SWl M«»s*C amK 

KANTRONICS 

UTII KAM (til. *t 
KTT 7400 KPf IV 

EIMAC 

' tsooz 

- S72B 6JS6C 

t.'Bt S 
61468 

MH/ UIR0 

MH/ ^^^pwallmeter*. 71* 
MH/ Elements 

IAS tn Stock 


AMP SUPPLY STOCKED 


&ANQEAN Portable Snodwave R*d»o» 


MIRAGE AMPl iFlFRS 
ASTHON POWER SUPPLIES 

Sa.inn War A Cable Int i Win- 


MAh ALL 0PDFRS TO BARRY ELECTRONICS C0RP 512 BROADWAY NEW YORK CITY NY 10012 (FOUR BLOCKS NORTH OF CANAL ST) 


W* Slut* A£ A APPl Alptv« ArrwKO Antenna Spectaksla Aetata. A»tron 
HM HAW Benrr*f R.«ti H.aie'nut CDF ClComntun^.*Uim Spec 
Connectors Cutttran Da'W.i Oent»on D>Qim«i Drake Etmac Encomm 
HedSound Morr.y Mwaltw' iNewtromcs) Oy Gain Ifom KLM Kantnvt.es 
tarsen ME J JW MilUf Mirage NewVon-r.i NyeVi»mg Palomar PT Prod 
ucts P*d >0 Amateur r*litxv* S* • ton Strut» Tale a Tempo. Taaft-T arc Tokyo 
HiPiyear Tnofty* TITHES W.'AU Wabe* Wilson Vaea.. Ham and Commer 
nal Radios Vocom Vitvoplo* Cod* Tfl|i Wacom Duptaan*» Repeaters 
Phetps Dodge Fanon inlet conn Scanners Crystal* Redo PuM-cntaws 


• • AquI So Hnbln Eapanol" 

HAHHY INTERNATIONAL tELlX 1? 7bH > 
M| HCMANIWSE IAKLN ON CONSIGNMENT 
FOR TOP PRICES 


Cotnmertiai rquipmant 
Stocaeat XOM U*«(>r. 
Midland Standard 


mun<ipal.tiet bukirtaat 
n Ciyn Oelenie air 


AUTHORIZED LUST' VI.*A» OrMI* TOR 

.hORTsVA.I ANTENNAS <i RECE ivERS 
iPTrlE* Spring SI Station 
Subarayi hm> Pr.nca SI Station 

• NO T Tiam Bey Slalton 
Bus Broadway <6 to Spring St 
earn -irntl «ti Ah Station 


MArt NOWSTOC* COUMrnClAl COUMUNICAflOM&SVklf U* 
••AUn» AitliirrOuiiM ••isvitu. pwmt .*i • « nit wot n A W HUMMiiwu l 1 

COMMIPCIAL RADIOS alockad A aar.lcad an pramleaa ^ 

Amateur Radio Courses Given On Our Premises. Call &All 
Eaoort orders Shipped Immediately. TELEX 1 2 7070 FIN/ 
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- :: .j 
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Barry Electronics Commercial Radio Dept oilers the Best in two-way communications lor Busi¬ 
nesses. Municipalities. Civil Defense. Broadcasting Companies Hospitals, etc Sales and Service 
lor all brands Maxon. Yaesu. Icon Tad. Oclagon. Regency/Wilson Midland. Standard. Uniden. 
Shinway. Fu|itus. Seas. Sptllsbury. Neutec. etc Call or write lor information 212-925-7000 



ANTENNES 

TOINJIMA 


J Shack 


52 Stonewyck Drive 
Belle Mead. New Jersey 08502 
IVAR5 - KC2PX 
MARA - SALES 


MON-SAT (201)874-6013 

10AM -3PM ORDERS 

7PM - 10PM ORDERS/TECHNICAL 


CALL FOR CATALOG VISA/MASTERCARO 


Above and Beyond 

AR2002 

PROFESSIONAL MONITOR RECEIVER 
25- 550 MHz 
800-1300 MHz 


15 J J 


Specifications: 


Receiving mode - Narrow band FM Wide band FM & AM 

Receiver circuit - Microprocessor controlled PIL 
Frequency synthesized superheterodyne type 
with high-level doubled balanced mixer 

Receiver IF - 750MHz. 45 03MHz. 5.5 MHz (WFM) 
and 455kHz (NFM&AMl 

Sensitivity - NFM - 0.35 uV (12dB SINAO) 
WFM- 1 00 uV (12dB Si NAD) 
AM -I.OOuV (lOdBSN) 

Selectivity - NFM - 1 7 5kHz c« 6dB 
- 20kHz r„ 70d8 
WFM - r 50kHz (ii 6dB 
* 250kHz Cu 60dB 
AM - *5 0kHzM 6dB 
r 10kHz la 70dB 
Number ol memory channel - 20 channels 
Scan rate - 5 channels per second 
Search rate - 6 seconds per MHz 
Antenna connector - Standard BNC type. 50-ohm 
Audio output power - 1 watt at less than 10% THD 
Power requirement -12 to 14Vdc at 300 to 500mA 
Size and weight - 5.4-W x 3 15H x 7.88"D. 2 6 lbs. 

Options: 

Cradled mobile mounting bracket 
Trunk lid mobile antenna with 12 tt cable 
Oiscone base antenna with 30 It cable 
RS-232C Interface unit 

Please: No Dealer Inquiries 


AR2002 

Professional Monitor Receiver 

$455.00 

/California re s add 527 30 tax) 

Visa and MasterCard accepted 
Prices includes shipping & handling 
COD. slightly higher 

22511 Aspan Street. Lake Forest. CA 92630-6321 
CaliL/Alaska (714) 581-4900 
Facsimile (714) 768-4410(not a phone)| 

TOLL FREE 1-800-523-6366 


ore 


communications, inc. 
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COffthFtfsWillKE 


VIC 20 MOTHERBOARD 


Switching power supply 


NI-CAO CHARGER TFSTER 


2N2722A 


25 AMP SOLIO STATE 


PN7222A 


7N7905 


PN3569 


MAIL OROFRS TO 


STORES 


ALL ELECTRONICS 
P.O.BOX 567 
VAN NUYS, CA 
9 1408 
TELEX 

TWX-5 101010163 
ALL ELECTRONICS 


905 S VERMONT AVE 
LOS ANGELES. CA 400C 
(?13)3BO-BOOO 
VAN NUTS 

6228 SEPULVEDA Bl VD 
VAN NUTS, CA 9141 I 
(818)99 7- 1806 


Work DX wiih NoTourr and No Arnplifxr 
Cut noise, cut near sips, build OX sigs. kill QRM 
10 Meters 15 Meters 20 Meters 30 Meters 

$29.95 $39.95 $49.95 $59.95 

rtuduile l*aticm. I Ptafile, Con Feed. Ready in IV 

V Highest DX Gain per Dollar 

TmnVt aid S' IV«ur A tfanlnf anil.all i» 

1971 North Oak lane AnlrnnasWesI 
Provo. LIT X4604 .' , ns*OlK0ll .174-10X4 


Half-Square QRV-DX Monohanders 


1986-87 CALL DIRECTORY 

ion mit.iotM hr) 

Cull Directory 
Name lndn> 

Gi>nr)iiipt)M InijP* 

All three $?0 
ShippirtQ pi*r order S3 

RUCKMASTER PUBLISHING 
Minnf.il. Virginia 23tt7 
703 894*5777 


128 


e- 106 


The "Flying Horse" 
sets the standards 

Continuing a 67 year tradition, we bring 
you three new Callbooks tor 10R8. 

The North American Callbook lists the calls, 
names, and address information for 4 78,000 
licensed radio amateurs in all countries of 
North America, from Canada to Panama 
including Greenland, Bermuda, and the 
Caribbean islands plus Hawaii and the 
U.S. possessions. 

The international Callbook lists 481.000 
licensed radio amateurs in countries outside 
North America, its coverage includes South 
America, Europe, Africa, Asia, and the 
Pacific area (exclusive of Hawaii and the 
U.S. possessions). 

The 1988 Callbook Supplement is a new idea 
in Callbook updates, listing the activity in 
both the North American and international 
Callbooks. Published June 1, 1988, this 
Supplement will include thousands of new 
licenses, address changes, and call sign 
changes for the precoding 6 months. 

The 1988 Callbooks will be published 
December 1, 1987. See your dealer or order 
now directly from the publisher. 

□ North American Callbook 
Incl. shipping within USA $?R.OO 

incl. shipping to foreign countries 30.00 

n international Callbook 
incl. shipping within USA 510.00 

incl. shippinq to foreign countries .12.00 

O Callbook Supplement, published June 1st 
incl. shippinq within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

n Both N.A. 8. International Callbooks 
incl. shippinq within USA *55.00 

incl. shipping to foreign countries 60.00 
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improve F, actually does not affect it, 
but deteriorates output signal to noise 
ratio (SNR out ). 

noise in cascaded 
amplifiers 

Since noise is considered a valid sig¬ 
nal, the last stage in a cascaded am¬ 
plifier chain receives an amplified 
version of the original input signal and 
prior stage noise contributions (fig. 3). 
Each stage in the chain amplifies sig¬ 
nals and noise from previous stages, 
and contributes some noise of its own. 
The overall noise factor for a cascaded 
amplifier chain can be calculated using 
Friis' noise equation: 


F = F, + 


f 2 


1 F 3 - I 
- + + 


G/G 2 


F„-l 


+ 


G/G 2 '"G„ _ / 


(13) 


or, in terms of noise temperature 


T e 


T, 


t 2 - 

G 


+ 


Ti -i 

g,g 2 


+ 


+ 


1 


GiG 2 m • • G n . 


(14) 


where: 

F is the overall noise factor of N stages 
in cascade 

T e is the overall noise temperature of 
N stages in cascade 

F, is the noise factor of stage 1 
F 2 is the noise factor of stage 2 

F n is the noise factor of the nth stage 
T, is the noise temperature of stage 1 
T 2 is the noise temperature of stage 2 
T n -, is the noise temperature of the 
(n - 1)st stage 

G, is the gain of stage 1 
G 2 is the gain of stage 2 

G n _ i is the gain of stage (n - 1). 

As you can see from eqns. 13 and 
14, the noise factor or noise tempera¬ 
ture of the entire cascade chain is 
dominated by the noise contribution of 
the first stage or two. Typically, high 
sensitivity microwave amplifiers use a 
low-noise amplifier (LNA) stage for 
only the first stage or two in the cas¬ 
cade chain. For example, a microwave 
satellite ground station receiver will 
have an LNA at the antenna feedpoint, 
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fig. 2. Noise figure vs. noise temperature. 
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fig. 3. Cascade amplifier chain with gain = G, • G 2 • G 2 . 


and then non-LNA stages following 
the transmission line. 

example 2 

A three-stage amplifier (fig. 3) has 
the following gains: G, = 10, G 2 = 10, 
and G-, = 25. The stages also have 
these noise factors: F, = 1.4, F 2 = 2 
and F 3 = 3.6. Calculate a) the gain of 
the cascade chain in decibels, b) the 
noise factor, and c) the noise figure. 
Solution: 


a) G = G,G 2 G 3 = 10.10*25 = 2500 
G (dB) = 10 LOG 2500 = 34 dB 

Fy - J F 3 - I 
F = F, + + 


g,g 2 


F = 


(1.4) + 


( 2 - 1 ) 

10 


F = 1.4 + 


(3.6-1) 
10 x 10 

J_ 2.6 
10 + 100 


(15) 


F = 1.4 + 0.1 + 0.026 = 1.53 

c) NF = 10 LOG F = 10 log 1.53 = 
1.9 dB 

Note in the above example, that the 
overall noise factor (1.53) is only slight¬ 
ly worse than the noise factor of the 
input amplifier (1.4), and is better than 
the noise factors of the following 
stages (2 and 3.6, respectively). Clear¬ 
ly, the overall noise factor is set by the 
input stage. This is why we use low- 
noise amplifiers in the frontends of 
VHF, UHF, and microwave receivers, 
while amplifiers later in the cascade 
chain are lesser quality circuits with 
respect to noise. 

Joe Carr can be reached at POB 
1099, Falls Church, Virginia 22041. 
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loose ends 

I must apologize for missing the 
January ham radio issue. No, I wasn't 
in outer Mongolia as might have been 
reported! 

Every so often it's good to sit back 
and take stock of where you are and 
where you're heading. This column is 
no exception. It's hard to believe that 
this is the start of the fifth year for 
"VHF/UHF World". Your suggestions 
for topics are always appreciated. 

This month's column will tie up 
some loose ends and answer some of 
your letters. I appreciate all of them. 
I'll also update the North American 
VH F/U HF records. 

upcoming events 

Many readers send information on 
upcoming events. Please remember to 
write three or four months before an 
event so that I can list it. 

There has been interest expressed in 
the meteor shower peaks. The lists 
came from information given in my talk 
at the Central States VHF Conference 
in Sioux Falls, South Dakota in July 
1981. Later, Russ Wicker, W4WD, 
generated a computer program that 
automatically calculates the peaks. My 
son, Jim, AD1C, modified this pro¬ 
gram for personal computers. See 
reference 1. 

This method of prediction relies on 
data and information accumulated 
from earlier showers. The information 


isn't always accurate for some of the 
meteor showers. If the shower radiant 
(the point in the sky from which the 
meteors seem to be emanating) is not 
optimum for the desired transmission 
direction, the peak time may be poor 
or nonexistent. 

Reference 2 shows how to tie the 
shower peak and the radiant together. 
This information, available for personal 
computers, takes much of the guess¬ 
work out of meteor scatter communi¬ 
cations. It highlights the optimum 
dates, a help with the shorter duration 
showers especially in leap years. 

references 

I'm told that few Amateur Radio 
writers cite as many references as I do. 

I try to make each month's column 
stand on its own. Sufficient material 
is included in each column and refer¬ 
ences are provided for those who want 
to dig further. While some of the refer¬ 
ences are either unavailable or difficult 
to obtain, I do have all of them on file. 

I try to arrange the material in this 
column in building-block fashion so I 
can cite my columns in back issues. 
They can be purchased from ham 
radio Bookstore ($5 each postpaid, 3 
for $13.95) and I often see back issues 
at Amateur flea markets. 

state of the art 

There has been considerable 
progress in the VHF/UHF field in the 


last few years. In January 1984, SSB 
on 23 cm (1296 MHz) was uncommon 
in many parts of the United States. 
Now commercial 23-cm CW/SSB 
transverters and stand-alone multi- 
mode transceivers can be purchased 
for all Amateur bands below 13 cm 
(2300 MHz). Only transverters are 
available for the new 33-cm (902-928 
MHz) band. Commercial Amateur 
CW/SSB transverters now run as high 
as 3 cm (10 GHz). 

Amateurs now use SSB as high as 
48 GHz. 3 EME operation above 13 cm 
was an untouched field through 1986; 
this has changed with Amateur EME 
contacts now reported through 6 cm 
(5760 MHz) and possibly 3 cm before 
this column goes to print. 

The VHF/UHF/Microwave field is 
expanding with new technology such 
as MMICs (monolithic microwave 
ICs),” GaAs (Gallium Arsenide) FETs, 
and HEMTs (High Electron Mobility 
Transistors) in common use. 5 1 will try 
to keep you informed about devel¬ 
opments. 

new VHF/UHF/Microwave 
records 

Until 1985, VHF/UHF/Microwave 
DX records were usually shown on the 
basis of worldwide accomplishments 
with little regard to the propagation 
mode. This tended to discourage 
record challenges since many of them 
took place in areas where special 
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table 1. North American VHF and above claimed DX records. Revised October 29, 1987. 
N. American VHF and Above Claimed DX Records (notes 1 ft 2) Revised 29 Oct. 1987 


Frequency 

Record Holders 

Date 

Mode DX 

Miles 

(km) 

50 MHz 

EME 

Note 3 

K6MYC (CM97EBI-K8MMM (EN91BK) 

84-07-24 

CW 

2127 

(3422) 

144 MHz 

Aurora 

KA1ZE (FN31TU) WB0DRL (EM18CT1 

86-02 08 

CW 

1347 

(2167) 

Ducting 

KH6GRU (BL01XH) WA6JRA (DM13BT) 

73-07 29 

CW 

2586 

(4161) 

EME 

VE1UT (FN63XVI-VK5MC (QF02EJI 

84 04-07 

CW 

10,985 

(17676) 

Spor. E 

KD4WF (EN92LK1-NW70/7 (DM25GV) 

87 06-14 

SSB 

1980 

(3186) 

FAI 

W5HUQ/4 IEM90GC) W5UN IDM82WA) 

83-07-25 

CW 

1228 

(1976) 

MS 

K5UR (EM35WA1-KP4EKG (FK68VG) 

85-12 13 

SSB 

1960 

(3153) 

TE 

KP4EOR (FK78AJ1-LU5DJZ (GF11LU1 

78-02 12 

SSB 

3933 

(6328) 

Tropo 

K1RJH (FN31XH1-K5WXZ (EM12QW) 

68 10-08 

CW 

1468 

(2362) 

220 MHz 

Aurora 

W3IY/4 (FM19HAI WB5LUA (EM13QC) 

87 07-14 

CW 

1145 

(1842) 

Ducting 

KH6UK (BL11AQ) W6NLZ (DM03TS) 

59-06-22 

CW 

2539 

(4086) 

Spor. E 

K5UGM (EM12MSI-W5HUQ/4 (EM90GC1 

87-06-14 

CW/SSB 

932 

(1499) 

EME 

KIWHS (FM43MKI-KH6BFZ (BL11CJ) 

83-11 17 

CW 

5058 

(8139) 

MS 

KIWHS (FM43MKLK0ALL (EN16NW1 

85-08 12 

SSB 

1279 

(2057) 

TE 

KP4EOR (FK78AJ1-LU7DJZ (GF05RJ) 

83 03-09 

CW/SSB 

3670 

(5906) 

Tropo 

VE3EMS (EN86QJI-WB5LUA (EM13QCI 

82 09-28 

SSB 

1181 

(1901) 

432 MHz 

Aurora 

W3IP (FM19PDI WB5LUA (EM13QC) 

86-02-08 

CW 

1182 

(1901) 

Ducting 

KD6R (OM13ND-KH61AA/P (BK29GO) 

80-07-28 

CW 

2550 

(4103) 

EME 

K2UYH (FN20QG1-VK6ZT (QF78VB) 

83-01-29 

CW 

11,567 

(18612) 

MS 

W2AZL (FN20VI1-W0LER (EN35IA) 

72-08-12 

CW 

1019 

(1640) 

Tropo 

WB3CZG (FN21AX1-WA5VJB (EM12LQ) 

86-11-29 

SSB 

1318 

(2121) 

903 MHz 

Tropo 

W2PGC (FN02OR1-K3SIW/9 (EN52WA) 

86-12-24 

SSB 

478 

(769) 

1296 MHz 

Ducting 

KH6HME (BK29GOI-WB6NMT (DM12KU) 

86-08-13 

SSB 

2528 

(4068) 

EME 

K2UYH (FN20QG1-VK5MC (QF02EJ) 

8112-06 

CW 

10,562 

(16995) 

Tropo 

WB3CZG (FN21AXI-KD5RO (EM13PA) 

86 11-29 

CW 

1287 

(2070) 

2304 MHz 

EME 

PA0SSB (J011WD-W6YFK (CM87WI) 

81-04-05 

CW 

5492 

(8837) 

Tropo 

KD5RO (EM13PAI-W8YIO (EN82BE) 

86-11-29 

CW 

940 

(1513) 

3456 MHz 

Tropo 

WA5TNY/5 (EM11AU1-WB5LUA/5 (EM24UQ) 

86-10-19 

CW 

288 

(464) 

EME 

W7CNK/5 (EM15FI) K0KE/0 (DM79NO) 

87 04 12 

CW 

498 

(802) 

5760 MHz 

Tropo 

K5PJR (EM26OP1-W5UGO/0 (EN00PH) 

87 07-04 

CW 

332 

(535) 

EME 

WA5TNY (EM12KVI-W7CNK/5 (EM15FI) 

87 04-24 

CW 

174 

(279) 

10.368 GHz 

Tropo 

N6GN/6 (CM89PXI-W6SFH/6 (DM04MS) 

87-07-19 

CW 

414 

(666) 

24.192 GHz 

LOS 

WA3RMX/7 (CN93IQ1-WB7UNU/7 (CN95DH) 

86 08-23 

SSB 

116 

1186) 

47.040 GHz 

LOS 

76-149 GHz 

WA3RMX/K7RUN (CN85PD-WB7UNU/W7TYR/W7ADV 
(CN85NH) 

None reported 

87-03-07 

SSB 

5.42 

(8.72) 

474 THz 

LOS 

K6MEP (DM04IO1-WA6EJO (DM04KT) 

79-06 09 

LASER 

15 

(24) 


Note 1. The records are listed alphabetically by mode. Ducting is suspected where the path is mostly over water. No efforts are made 
to separate out ducting on overland paths so they're grouped under tropo. 

Note 2. The information within the brackets ( ) is the grid square locator. 

Note 3. 6-meters records, excepting EME, were left off since the primary mode is often hard to distinguish. Also long-path QSOs have 
been reported during solar cycles 19 and 21 which exceed 12433 miles (20004 kml. 
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table 2. This table shows some of the most famous mountain top locations that have 

been popularized by VHF/UHF/Microwave and Millimeter-wave'rs to set DX and con¬ 
test records. 

Mountain 

Location (approximate) 

Grid Square 

Eastern USA 

Cadillac Mountain 

Bar Harbor, Maine 

FN54VI 

Mount Washington 

Glen, New Hampshire 

FN44IG 

Pack Monadnock 

Peterborough, New Hampshire 

FN42BU 

Mount Equinox 

Manchester, Vermont 

FN33JC 

Mount Mansfield 

Burlington, Vermont 

FN340N 

Mount Greylock 

North Adams, Massachusetts 

FN32JP 

High Point 

Port Jervis, New Jersey 

FN21EH 

Watchusett Mountain 

Princeton, Massachusetts 

FN42BL 

Mount Mitchell 

Asheville, North Carolina 

EM85US 

Mount Toxaway 

Oakland, North Carolina 

EM85MD 

Spruce Knob 

Simoda, West Virginia 

FM08FQ 

Western USA 

Pikes Peak 

Colorado Springs, Colorado 

DM78BA 

Mount Rose 

Reno, Nevada 

DM09AQ 

Mount Potasi 

Las Vegas, Nevada 

DM25GV 

Mount Diablo 

Walnut Creek, California 

CM97AU 

Mount Hamilton 

San Jose, California 

CM97EI 

Mount Frazier 

Frazier Park, California 

DM04MS 

Mount Pinos 

Frazier Park, California 

DM04KT 

Mount Palomar 

Julian, California 

DM130J 

Mount Ashland 

Ashland, Oregon 

CN82PB 


propagation phenomenon occurs. In 
my July 1985 column, 6 1 started listing 
VHF/UHF/Microwave records for 
North America by band and propaga¬ 
tion mode when known. Judging from 
the response, this type of record list¬ 
ing has become very popular. 

Since the last listing of North Ameri¬ 
can DX records was published 3 , many 
have been broken and some new 
modes were added. I have updated the 
DX records based on the latest infor¬ 
mation (table 1). 

New record challenges must be 
carefully documented and compared 
with existing records. The distance is 
very important since records on these 
frequencies are often extended by as 
little as one mile. Therefore, precise 
locations (latitude and longitude) are 
essential. Send me an SASE if you 
want record forms. 

worldwide locator system 

The Maidenhead system, in its six¬ 
digit form, is accurate to within a few 
miles. Some contests now require grid 
squares or locators on QSLs; reference 
3 shows how to determine yours. It's 
important that all VFIFers know their 
latitude and longitude to at least 3 sec¬ 
onds accuracy. 

Computer programs can now deter¬ 
mine the grid square. 7 If you'd like, 
send me your latitude and longitude in 
degrees, minutes, and seconds with an 
SASE and I will figure your six-digit 
grid square. 

I have upgraded the list of the most 
well-known mountain tops in the 
United States 8 to include the six-digit 
locators; a revised list is shown in 
table 2. If you have information, 
please send it for inclusion in a later 
column. 

There is some controversy about the 
equity of the new ARRL VUCC (VHF/ 
UFIF Century Club) awards. Before the 
grid square awards, the coveted prize 
for VHFers was the Worked All States 
award. Depending on the frequency, 
this tended to favor either the North¬ 
eastern or Midwestern states. 

The grid squares were considered a 
partial equalizer. Some say this, too, 
is unfair because grid squares are 


wider in the southern United States 
than near the Canadian border. A dis¬ 
tance calculation program shows this 
to be true; the width of a grid square 
is about 120 miles at 30 degrees and 
just below 100 miles at 45 degrees 
latitude. 7 

It seems difficult to develop a truly 
fair system because of all the factors. 
Tropo propagation is much more prev¬ 
alent in the lower latitudes, especially 
from Florida to Texas, and where the 
land is flat. Mountains, on the other 
hand, can either impede or aid in line- 
of-sight communications. Almost half 
of the grid squares in coastal regions 
are under water. 

I'll be willing to bet that there is more 
activity, interest, and equity generated 
by grid squares than working all states. 
VUCC awards are possible on any 
band but how does one obtain a 
Worked All States on 2 meters or 
above without EME? 

new leadership 

Another new trend, the formation of 
clubs specializing in VHF/UHF and 


microwaves, is rapidly developing. 
Some sponsor conferences; others 
have monthly meetings and publish 
newsletters. Clubs can unite Amateurs 
for group projects and purchases. 

My list of clubs involved in VFIF and 
above is probably incomplete. Please 
help by supplying information so we 
can publish a list and create interest in 
the higher frequency bands. 

antennas 

I get lots of questions on antenna 
selection. There is no firm answer on 
which is the perfect antenna. Some 
have high gain on a long boom while 
others are aimed at the cleanest pos¬ 
sible pattern on a shorter boom. Some 
Amateurs prefer to use single long 
Yagis while others like to stack short¬ 
er or longer boom antennas. Each 
Amateur has specific needs for his or 
her setup. 

The cost of antennas and/or anten¬ 
na improvements are usually well be¬ 
low the cost of improving your receiver 
or transmitter power (if you're not 
already at the legal limit). VHF/UHF 
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antennas are also more manageable 

than hf antennas. 

Last May I mentioned the availabil¬ 
ity of the MININEC 3 antenna model¬ 
ing program. The program is now only 
available through NTIS as described in 
Short Circuits in July 1987. 3 In the 
May column 9 I also described op¬ 
timized 6 and 2-meter Yagis that are 
easy to duplicate, have clean patterns 
and high gain per unit boomlength. 
The materials used, and the way I 
matched the driven element of the 
2-meter Yagi, made the driven element 
longer than the reflector. I was sur¬ 
prised that so many people duplicat¬ 
ed it exactly as shown, since most 
Amateurs have their own ideas about 
materials. The length of the driven ele¬ 
ment in fig. 2 is correct as shown. 

Then there are the insulators and 
keepers used on the insulated boom 
2-meter Yagi 9 and the 70-cm (432 
MHz) Yagi. 10 The ones recommended 
use either Lexan™ or polystyrene with 
black carbon impregnated (for UV pro¬ 
tection) but never nylon. The outer 
portion of the insulator is approximate¬ 
ly 0.425 inches in diameter with a 
thickness of 0.165 inches, and the in¬ 
ner diameter is 0.305 inches with a 
thickness of 0.150 inches. The hole in 
the center is 0.190 inches to accomo¬ 
date a 3/16 inch diameter aluminum 
rod. Suitable insulators are now avail¬ 
able from Tom Rutland, K3IPW*. Tom 
will also supply kits or parts for the 
31-element 70-cm Yagi. 

stacking antennas 

The basic principles and tables 
detailed in references 11 and 12 still ap¬ 
ply to stacking antennas. However, 
there is confusion about an article on 
this subject by Steve Powlishen, 
K1FO.’ 3 I used wavelength for the 
spacings while Steve used inches. To 
convert wavelengths to inches, multi¬ 
ply the wavelength shown in table 1" 
to 82, 53.7, 27.3, and 9.1 inches on 2 
meters, 135 cm, 70 cm, and 23 cm, 
respectively. 

There are small differences between 
the stacking distances shown on 


‘Rutland Arrays, 1703 Warren Street, New Cumber¬ 
land, PA 17070. 


Steve's and my charts. As stated in 
reference 11, the stacking distance is 
not critical and errors of 5 to 10 per¬ 
cent will not matter, especially if the 
antennas are not over stacked. Figure 
6 in reference 11 clearly shows this 
relationship. It is always better to stack 
on the short rather than the long side. 
This means less feedline loss, lower 
sidelobe levels, and a smaller mechan¬ 
ical structure. 

I'm often asked about stacking dif¬ 
ferent frequency antennas on the same 
boom (reference 11). Generally, the 
separation from another antenna on a 
different frequency should be at least 
one half the stacking distance indi¬ 
cated for each. The theory of effective 
apertures and aperture overlap is ex¬ 
plained in the reference. For instance, 
if a 2-meter and 70-cm antenna are 
stacked on the same mast, and the 
recommended stacking distances are 
12 and 6 feet, respectively, the 2-meter 
antenna should be spaced at least 6 
feet from the 70-cm antenna and the 
70-cm antenna at least 3 feet from the 
2-meter antenna. 

This may be too great a distance but 
there are ways to enhance spacing. 
One antenna could be on the main 
mast and the other mounted on a 
stacking frame to the side of the af¬ 
fected antennas. Different frequency 
antennas could be placed at other lo¬ 
cations on the mast. 

I prefer to place my 2-meter and 
135-cm antennas at the top of the 
mast and the higher frequency anten¬ 
nas at the bottom or center. Thus 
feedlines are shorter on the antennas 
that would normally have greater feed¬ 
line losses. If a 6-meter antenna is 
used, place it at the bottom, and keep 
it away from the 2-meter antennas. 
Because of large frequency differ¬ 
ences, very little interaction should be 
noted between the higher frequency 
antennas. 

If you are pressed for space, use 
one-half wavelength at the lowest fre¬ 
quency, which for a 2-meter antenna 
equals 40 inches, the minimum recom¬ 
mended distance. Before stacking an¬ 
tennas, draw the typical physical 
apertures on graph paper to visualize 
potential interactions. 


There are simple tests to check per¬ 
formance after stacking antennas of 
dissimilar frequency. First, see that the 
VSWR of each antenna does not in¬ 
crease noticeably, then inspect the 
radiation pattern to be sure it is simi 
lar to what you'd expect when the an¬ 
tenna is mounted alone. 

Another letter questions the length 
of phasing line (reference 12). For best 
power distribution, keep the phasing 
line length at odd multiples of quarter 
wavelengths. Figure the measurement 
of the phasing line and lengthen or 
shorten slightly to fit. Don't forget to 
consider the dielectric constant of the 
phasing lines to determine its length. 

receivers 

Readers have asked about the noise 
figures of commercial rigs. The major¬ 
ity of transceivers I've measured were 
over two or three years old and in the 
6-to-8 dB noise figure region; they 
often need an external preamplifier for 
serious DXing. 

Part of the reason for the higher 
noise figures is input switching, which 
often uses lossier solid-state switching 
instead of mechanical relays. Internal 
convenience switching and small di¬ 
ameter coaxial cable often add addi¬ 
tional losses. Dynamic range is a 
consideration since low noise figures 
require moderate-to-high gain ahead 
of the first stage of selectivity. Then 
there are those terrible UHF input con¬ 
nectors! 

A problem with many commercial 
transceivers is that, for economic rea¬ 
sons, they often employ a low first i-f 
such as 10.7 MHz. Additional input fil¬ 
tering is required to effectively sup¬ 
press images and this often adds loss. 
The newer transceivers sport lower 
noise figures, typically 2 to 3 dB. 

The subject of IMD is seldom given 
enough attention. Receivers and the 
later stages must be protected from 
large signals even out of band. This is 
particularly troublesome where large 
RF emitters such as local FM or TV 
transmitters are present. Gary Field, 
WA1GRC, recently revised his RF 
CAD program. 7 It now includes a quick 
IMD analysis and printout with up to 
50 input emitters. 
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TROUBLESHOOTING 

MICROPROCESSOR-BASED 

EQUIPMENT 

AND 

DIGITAL DEVICES 

Attend this 4 day seminar and master Itie essentials 
ol microprocessor maintenance Gain a trim under 
standing of microprocessor fundamentals and learn 
specialised troubleshooting techniques 

Current schedule Fee is $825 00 

Atlanta, GA — April 12-15 
Milwaukee. Wl — April 19-22 
Cincinnati. OH — April 25-28 
* Denver. CO — May 17-20 
Kansas City, MO — May 24-27 
Dallas, TX — May 31-June 3 

MICRO SYSTEMS INSTITUTE 

Garnett. Kansas 66032 
ItflHh 247-52 t‘l 
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THE RF CONNECTION 

SPECIALIST IN RF CONNECTORS AND COAX 


Part No 

Description 

Price 

321-110*4-3 

BNC 2 PST 28 volt coaual relay 
Amphenol 

Insertion Ion 0 to 0 75GHz 

0 10dB 

Power rating 0 to 0 5GHz 100 
watts CW. 2 kw peak 



Isolation 0 1 GHz 4Mb 0 2 GHr 

125 used 


400b 0 4 GHZ 3Mb 

tested 

83-822 

Pi 259 Teflon Amphenol 

1 45 

PL 259 ST 

UMI V He Silver Tenon USA 

t 30 

UG21DU 

N Male RG-8 213 214 Amphenol 

2 95 

UG-21BU 

N Male RG-8 213 214 Kings 

3 75 

9913 PIN 

N Male Pm tor 9913 9086 8214 



tits UG-210U&UG-21BUNS 

1 50 

UG 210 9913 

N Male tor RG-8 with 9913 Pin 

3 95 

UG 21b 9913 

N Male tor RG-8 with 9913 Pin 

4 75 

UG H6 U 

N Male 1o SO 239 Teflon USA 

500 

UG 83 U 

female to SO 239 Teflon USA 

500 


THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 
Gaithersburg. MD 20877 

( 301 ) 840-5477 

CASH PRICES 
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QRV Solar Power for your Station "5 



1 






















1 






- - 




Tie S28V.95 BuDct-tested QRV Solar Power Supply krefn yrair 
repealer no the air mural the dock or powen your 100- w *u Ilf 
^ union 60 hrs a month Coreroi uauit tpccih duryc. protects |{cl 
cells A scakd twtlrno Fully awinhlnl. QRV. eipandihie. portable 

HM SKIS * II Info S6c n <W A II1 eIIII fl .V IV CSi 
1971 N. Oak Ln„ Provo. LIT 84601 .soil .174 1084 
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CALL FOR ORDERS 
1 (800)231-3057 

1-713-520-7300 OR 1-713-520-0550 
TEXAS ORDERS CALL COLLECT 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 

Icofn lC N«w Trade** wanted 

Kenwood TH21SA TH25AT Trade m your out HI 



Ken t/youd TS140S C*ill 


Kenwood TS 14OS Call tor trade 

New Kenwood TM 22 1A 45W mobile Call 

ICOM28HTTM Call 



(corn 761 Call 

Shore 444D 54 95 

Asiatic MC321 Carndge D104 12 00 

Astatic Oi04C/TUr 9 72 00 

Isopole 144 MH/ 44 95 

Cushcratt 124 WD < 146 MH/) 33 00 

Butternut HFfcV 80 10 vertical 1«?5 00 

Hustler G7 144 119 95 

KL M HP World Class Senes Antennas Call Dtu 

KtMKT J4A 

NEW Kl M 1 ;> 441 BX 129 00 

G5 RV 44 00 

Avanti AP151 3G on Glass Antenna 36 OU 

Anteco?M 5^8 Mag Mourn Comp 25 00 

Thousands of panel motors 3 95 up CAt l 

8560A 95 00 

Aorovo* 1000 pt-500 V kBedfhroutjbcaps 
Transformer ♦ 20VPi* 1050V 1A (Set #l8W<re>5000 
100 pifdMSOV A . ml Cup 2 00 

&3 1 SP-PL259 Siver plate 1 25 

82 61 N Male 3 00 

GE 6146B 13 95 

3 5002 140 00 

GE 12BY7A f 00 

6MJ6 12 95 

6KDC* l? 95 

AE A PK 232 with new WX I AX 299 00 

K.tnit lines KPC II 149 OO 

AEA Pocket Temnnai Call 


USED EQUIPMENT 

Alt equipment used dean with 90 day warranty .tnd 30 
cLiy tnal rnoi arts luMfriKJe.M3.TnMneweqmpnipni Sale 
prnic relundc-tf it net satisfied 

Call for luteM used tear 
(800)231 3057 

TS-43QS IS830S IS520S » TtOtE ndCiXl.ft= 
PorcMl'h 502 Guy insulators (1(4) 3 39 

POLICIES 

MmvnuTnordi <r $10 00 Mastercard VISA orCOD An 
prees FOB Houston except as noted Paces subject ti • 
change wift'i nifnoU.e Herns subject 10prior vile C. »ll .iny 
tune to Check the status Of your nr dor Texas restffc i its adt I 
sales ah items lull facility warranty iXu*. M.idisor 
warranty 


Bird and Belden products in stock. Call today »>* 122 



RF POWER 

TRANSISTORS 


We stock a full line of 
Motorola & Toshiba parts for 
amateur, marine, and 
business radio servicing 


Partial Listing of Popular Transistors 



2 30 MHZ 12V r 

28V) 


PN 


Rating 

Net Ea 

Match Pr 

MRF42I 

O 

100W 

S24 00 

S53 00 

MRF422* 


150W 

36 00 

78 00 

MRF454 A 

O 

SOW 

14 50 

32 00 

MRF455 A 

O 

60W 

It 75 

26 50 

MRF4B5* 


15W 

6 00 

16 00 

MRF492 

O 

90W 

16 00 

35 00 

SRF2072 

O 

65W 

12 75 

28 50 

SRF366? 

O 

110W 

24 00 

53 00 

SRF3775 

O 

75W 

13 00 

29 00 

SRF3/95 

O 

90W 

15 50 

34 00 

SRF3800 

O 

100W 

17 50 

38 00 

2SC2290 

O 

BOW 

16 75 

39 50 

2SC2879 

0 

100W 

22 00 

48 00 


Q Selected High Gam Matched Quads Available 


VHF UHF TRANSISTORS 12V 



Rating 

MH/ 

Net Ea 

Match Pr 

MRF245 

SOW 

136 174 

27 50 

61 00 

MRF247 

75W 

136 174 

26 00 

58 00 

MRF24B 

80W 

136 174 

33 00 

71 00 

MRF641 

!SW 

407 512 

18 00 

42 00 

MRF644 

25W 

407 512 

21 00 

46 00 

MRF646 

40W 

407 512 

25 00 

S4 00 

MRF648 

60W 

407-512 

31 00 

66 00 

2N60B0 

4 W 

136 174 

6 25 

— 

2N6081 

I5W 

136 174 

8 00 

— 

2N6082 

25W 

136 174 

9 50 

— 

2N6083 

30W 

136 174 

9 75 

24 00 

2N6084 

40W 

136 174 

11 50 

28 00 


PARTIAL LISTING OF MISC TRANSISTORS 


MRFI34 

S1600 

MRF515 

2 50 

MRF136 

21 00 

MRF607 

2 50 

MRF 137 

24 00 

MRF630 

4 25 

MRF138 

35 00 

MRF 846 

43 50 

MRF 174 

80 00 

MRF 1946 A 

14 00 

MRF208 

11 50 

CD2545 

16 00 

MRF212 

16 00 

2N3553 

2 29 

MRF 221 

11 00 

2N3866 

1 25 

MRF224 

13 50 

2N4427 

1 25 

MRF237 

2 70 

2N5589 

7 25 

MRF230 

12 50 

2N5590 

10 00 

MRF 239 

14 00 

2N5591 

13 50 

MRF 260 

7 00 

2N5641 

9 50 

MRF261 

8 00 

2N5642 

13 75 

MRF262 

8 75 

2N5643 

15 00 

MRF264 

12 50 * 

2N5945 

10 00 

MRF 309 

29 75 

2N5946 

12 00 

MRF 31 7 

56 00 

2SC1946 A 

IS 00 

MRF406 

12 00 

2SC1947 

9 75 

MRF433 

11 00 

2SC2075 

3 00 

MRF449 

12 50 

2SC2097 

28 00 

MRF450 

13 50 

2SC2509 

9 00 

MRF453 

1500 

2SC2640 

15 00 

MRF458 

20 00 

2SC2641 

16 00 

MRF47S 

3 00 

OUTPUT MODULES 

MRF476 

2 75 

SAU4 

55 00 

MRF 477 

11 75 

SAU17A 

50 00 

MRF 479 

10 00 

SAV6 

42 50 

MRF492A 

18 75 

SAV7 

42 50 

MRF497 

14 25 

SAV1S 

48 00 

40582 

7 50 

M57712 MS7733 

use 

NE41137 

2 SO 

M57737 SC 1019 

SAV7 


Matched and Selected Parts Available 


We stock RF Power transistors for Atlas, KLM Collins 
Yaesu Kenwood. Cubic Mirage Motorola Heathkit 
Regency Johnson Icom. Drake TWC Wilson. GE etc 
Cross reference on CD PT SD SRF JO and 2SC P Ns 
Quantity Pricing Available Foreign Orders Accepted 
Shipping Handling S5 00 COD VISA MC 

Orders received by 1 PM PST shipped UPS same day 
Next day UPS delivery available 
ORDER LINE and or TECH HELP 

_ (619) 744-0728 _ 

I OROER DESK ONLY NO TECHNICAL 
1_ (800)854-1927 _ 

rAX (619 ) 744 194 3 


SEE YOU AT THE 
M AM ORLANDO l 
CHARLOTTE hamfests 


RF PRRTS 

1320 Grand Avenue 
San Marcos CA 92069 
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If you require an external preampli¬ 
fier, try to use one that can be by¬ 
passed just in case a local signal or 
IMD overloads your transceiver. For 
EME operation, an external preampli¬ 
fier is required. 

One reader rightly chided me for not 
adequately treating the transmission 
line losses ahead of the preamplifier. 
When very low noise figure preampli¬ 
fiers are used in a quiet environment 
such as EME or above 220 MHz, and 
the preamplifier is not mounted right 
at the antenna with little or no trans¬ 
mission line losses ahead of it, some 
serious noise temperature increases 
can occur. This is a separate subject 
in itself and it will be discussed in a 
later column. 

transmitters 

There still seems to be much interest 
in high-power amplifiers. There aren't 
many to choose from and they are ex¬ 
pensive. 8877s are now well over $500 
and prices are rising. Older, more avail¬ 
able tubes such as the 7213 and 
4CX1000 are of interest but straightfor¬ 
ward designs are still scarce. 

The FAA surplus AM6154 and 
AM6155s for 144 through 432 MHz’ 4 
have just about disappeared except 
when resold by another Amateur. One 
problem with this rig is the unavaila¬ 
bility of 8930 tube replacements. Don 
Cook, K1DPP, and Dave Hackford, 
N3CX, have taken a different tack. 
They have machined reducer rings so 
that a 4CX250B tube can be substitut¬ 
ed for the 8930. The only penalty is a 
reduction in output power of about 25 
percent. 

Some of you are interested in the 
use of microwave oven magnatrons. 
These ovens nominally operate as an 
unlocked pulsed oscillator in the 
2400-2450 MHz frequency range, the 
upper segment of the United States 
13-cm Amateur band. Amateurs 
would like to somehow phase or fre¬ 
quency lock the magnatrons. 

I've discussed this subject with Hank 
Cross, WIOOP, who experimented 
with these ovens for industrial pur¬ 
poses. He notes that the magnatrons 


used are very difficult to move in fre¬ 
quency, even minimally, because of 
the waveguide and coupling probe 
design. 

Furthermore, microwave ovens are 
designed for pulse operation and the 
dc voltage is generally provided by a 
nonfiltered half-wave rectifier. Con¬ 
duction usually occurs above 1000 
volts. Consequently, they would prob¬ 
ably only be good for 75-150 watts of 
actual CW RF output in the 2400-2450 
MHz range. Until someone can prove 
otherwise, your time might be wasted 
pursuing this type of amplifier. 

propagation 

Whenever Amateurs gather, radio 
propagation comes up. Amateurs have 
a unique ability to exploit radio wave 
propagation due to the large numbers 
of distributed stations. 

Many thanks to Dennis L. Harr- 
sager, N7DH, who pointed out that 
the constants I used in the equations 
for path loss on line-of-sight commu¬ 
nications were in error, 15 1 checked my 
file and sure enough, Dennis was right. 
The correct constants are 36.6 (eqn. 
1 for miles) and 32.45 (eqn. 2 for 
kilometers). 

Thanks also to Len Sheer, W7WRQ, 
for reminding me that the first radar 
used for EME communications 16 was 
not commercial but U.S. Army radar. 

Finally, with the increase in solar ac¬ 
tivity as solar cycle 22 begins, there are 
more opportunities for long haul DX on 
6 meters and transequatorial propaga¬ 
tion on the other VHF bands. Six- 
meter operators will be glad to know 
that Norwegian stations, LA, now 
have 6-meter privileges (with low ef¬ 
fective radiated power). I've learned 
that the Madeira Islands, CT3, and 
Greece, SV0, are now authorized to 
operate on 6 meters. Many other 
countries, especially in Europe, are 
seeking operating privileges on 6 
meters now that many TV stations 
have abandoned channels in this fre¬ 
quency region. 

QSLs 

Recently someone suggested that I 
advocate a QSL card without the QSO 


confirmed or confirming QSO. I guess 
he was referring to the sample QSL 
shown in last June's column 2 . Until his 
note, I hadn't noticed that the printer 
didn't include all the information on my 
portable QSL. 

I send filled-out QSLs for valid two- 
way contact only if I can determine 
from my log that I was active at that 
time and frequency. In the case of 
SWLs, I make it very clear on the QSL 
that it is not confirming a two-way 
contact. As a reminder, 3 always use 
UTC dates and time. 

construction 

I sometimes get requests for sources 
of printed circuit boards. Unfortunate¬ 
ly, I do not have the resources to 
produce them. Please let me know if 
you want to volunteer to make up 
printed circuit boards for any of the cir¬ 
cuits published in this column. 

Until such time, I will continue to 
build most of my circuits in self- 
contained shielded enclosures using 
double-sided printed circuit material 
for the ground plane. This method is 
easy and effective even up through the 
UHF bands. 

product reviews 

This column is primarily aimed at the 
experimenter who builds some of his 
own gear, so I will probably continue 
to recommend homebrew gear with a 
smattering of recommendations where 
commerical gear is appropriate. If there 
are specific items that you'd like 
reviewed, please let me know. 

computers in the ham 
shack 

Without a doubt, one of the most 
important recent innovations for the 
Radio Amateur is the personal com¬ 
puter. At first it was primarily used for 
simple calculations and repetitive oper¬ 
ations. Nowadays it's being used for 
logging, word processing sending/ 
receiving Morse/RTTY/Packet, propa¬ 
gation and satellite predictions, 
schematic layout, and printed circuit 
board generation. Looks as if we'll 
all have to adapt to the personal 
computer! 
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summary 

This month's column was sort of a 
potpourri. Hope I've answered some 
of your questions and cleared up any 
misunderstandings. I'm always recep¬ 
tive to new ideas and suggestions on 
topics or how I can improve the 
column. Please let me know. 

acknowledgments 

Although many shall remain anony 
mous, thanks to all those who wrote 
to me either with questions, sugges 
tions, or constuctive criticism. Without 
your support, this column would not 
be possible. 


important VHF/UHF events: 

February 17 EME perigee 
February 17 New moon 
March 16 EME perigee 
March 18 New moon Ieclipse of the sun) 
March 21 + 2 weeks Optimum time tor 

TE propagation 
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Performance Vhf/uHf OreOffip/ 



Freq. 1 dB 


Receiva 

Range 

N.F. 

Gain 

Comp. 

Device 


Only 

(MHz) 

(dB) 

(dB) 

(dBm) 

Typ. 

Price 

P28VD 

28*30 

<1.1 

15 

0 

DGFET 

$29.95 

P50VD 

50*54 

<1.3 

15 

0 

DGFET 

$29 95 

P50VDG 

50*54 

<0.5 

24 

+ 12 

GaAsFET 

$79 95 

P144VD 

144 148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144 148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-148 

<0 5 

24 

♦ 12 

GaAsFET 

$79 95 

P220VD 

220 225 

<18 

15 

0 

DGFET 

$29 95 

P220VDA 

220*225 

<1.2 

15 

0 

DGFET 

$37 95 

P220VDG 

220*225 

<0.5 

20 

4-12 

GaAsFET 

$79.95 

P432VD 

420*450 

<1.8 

15 

-20 

Bipolar 

$32.95 

P432VDA 

420-450 

<1.1 

17 

-20 

Bipolar 

$49.95 

P432VDG 

420-450 

<0.5 

16 

-f 12 

GaAsFET 

$79 95 

Inline (ri twitched) 






SP28VD 

28*30 

<1.2 

15 

0 

DGFET 

$59.95 

SP50VD 

50-54 

<1.4 

15 

0 

DGFET 

$59.95 

SP50VDG 

50-54 

<0 55 

24 

+ 12 

GaAsFET 

$109.95 

SP144VD 

144-148 

<1.6 

15 

0 

DGFET 

$59 96 

SP144VDA 

144*148 

<1.1 

15 

0 

DGFET 

$67.95 

SP144VDG 

144*148 

<0.55 

24 

+ 12 

GaAsFET 

$109 95 

SP220VD 

220-225 

<1.9 

15 

0 

DGFET 

$59 95 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$67,95 

SP220VDG 

220-225 

<0 55 

20 

+ 12 

GaAaFET 

$109.95 

SP432VD 

420450 

<1.9 

15 

-20 

Bipolar 

$62.95 

SP432VDA 

420-450 

<1.2 

17 

-20 

Bipolar 

$79.95 

SP432VDG 

420*450 

<0.55 

16 

+ 12 

GaAsFET 

$109 95 


Every preamplifier Is precision aligned on ARR’a Hewlett Packard HP8970A/HP348A etate-of the-art noise figure 
mater. RX only preamplifiers are for receive applications only. Inline preamplifiers are rf switched (for use 
with transceivers) ana handle 25 watts transmitter power. Mount Inline preamplifiers between transceiver 
and power amplifier for high power applications. Other amateur, commercial end special preamplifiers available 

in the 1*1000 MHz range. Please Include $2 shipping in 
m a U.S. and Canada. Connecticut residents add 7*w% 

RuVnnf fid sales tax. C.O.D. orders add $2. Air mail to foreign coun* 

tri»* add 10%. Order your ARR Rx only or Inline 
nCCCIVG f preamplifier today and atari hearing like never before! 

Research 

Box 1242 • Burlington, CT 06013 • 203 582-9409 


INDUSTRIAL QUALITY 
REPLACEMENT BATTERIES 
FOR COMMUNICATIONS 

Nickel-Cadmium. Alkaline.Lithium.etc. 

Repair Packs For 

ICOM- KENWOOD. YAESU 
SANTEC. AZDEN TEMPO. 
CORDLESS PHONES AND MORE 1 

NEW! I.C.E. PACK *49 9S 
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PHI-PERFORMANCE DIPOLESH 


i -|- i J. *«l • 



lUI «-« I ll.ift*!. urn •**»• VVI'^I »«lUUt 
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7344 TETIVA RD 
\J\ SAUK CITY Wl 53583 
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FORECASTER 

Garth Stonehocker, koryw 


transequatorial DX 
update 

Transequatorial (TE) propagation is 

the mode used by signals that cross 
the equator by other than the normal 
one-to-three hop ionospheric F, or 
sporadic E paths. Intermediate ground 
reflections over a 5000 to 7000 mile 
path don't occur as shown in the 
figure's heavy ray traced line rep¬ 
resenting a IO meter operating fre¬ 
quency. The indicated contour lines 
are equidensity electron profiles for the 
lower half of the ionosphere along the 
75 degree west meridian (East Coast 
of United States and down through 
western South America). These con¬ 
tours show two maximum regions: 
one above the geographic equator and 
the other about 25 degrees south. 
These two high density areas create 
the ionospheric tilt that makes TE 
possible. 

Ionospheric scientists have studied 
the phenomena with vertical and ob¬ 
lique ionosondes to determine the con¬ 
ditions necessary for this to occur and 
how it can be used in communica¬ 


tions. The diurnal conditions are nor¬ 
mal during the morning as the sun 
builds the lower ionosphere at the sub¬ 
solar point. By local noontime the 
single maximum of ionization that has 
grown in the F region begins to divide 
and shift locations, one moving further 
south and the other to the north. 
Throughout the afternoon and even¬ 
ing (to about 2000 local time) the elec¬ 
tron drift continues to build at ± 15 
degrees on either side of the geo¬ 
magnetic equator, represented by the 
dotted line and circle segments in the 
figure. These building conditions are 
effective only in the wintertime, Sep¬ 
tember through March, the same 
months for both hemispheres (an un¬ 
usual condition not yet understood). 
The magnitude — density or maximum 
usable frequency — of these maxima 
increases with sunspot number or solar 
flux. This is further enhanced during 
geomagnetic disturbances, when elec¬ 
trons from polar solar wind particles 
also drift up the field lines from the 
auroral zone associated trough to 
the geomagnetic equator's maximum 
areas. 


These studies have brought about 
an understanding of the conditions 
needed for TE-DX. Transequatorially 
propagated signals are only 6 to 30 dB 
weaker than a significantly shorter (up 
to one eighth the distance) one-hop 
signal and 8 to 10 dB stronger than a 
3-hop signal. The TE signals are not as 
coherent, fading independently of the 
usual F region propagation. Hence TE 
signals are like scatter propagation ex¬ 
cept for signal strength. To access TE, 
use a low take-off angle antenna. It 
should skip the intervening ground 
reflection and experience horizon 
focusing that will strengthen the sig¬ 
nal. The best TE direction should be 
a bearing in a direction perpendicular 
to the geomagnetic equator, although 
the aspect angle width is about 50 
degrees wide. The geomagnetic equa¬ 
tor at 75 degrees west is 12 degrees 
south of the geographic equator (GE). 
It then curves north to cross the GE at 
25 degrees west, becoming north 10 
degrees at 0 degrees longitude. That 
latitude is continued to the Phillipines 
where it curves down to meet South 
America, again crossing the GE at 
about 70 degrees west. I hope you will 
have opportunities to try TE-DX by 
springtime before it begins to wane for 
the summer. 

last-minute forecast 

The first two weeks of the month 
are expected to favor the lower fre¬ 
quency bands, 30 through 160 meters, 
with nighttime DX and some one-hop 
daytime short skip for intracontinental 
contacts. The noise levels should be 
low on these bands. However, expect 
weak and fading signals around Febru¬ 
ary 8th, 17 to 19th, and 27th. The 
higher frequency bands should be best 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides MUF during "normal" hours. 
*Look at next higher band for possible openings. 
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the latter two weeks, particularly the 
20 to 25th when the MUFs should be 
10 to 15 percent above the median 118 
MHz noontime midlatitude estimate). 
Expect TE openings these weeks with 
enhancements during disturbed periods. 

No significant meteor showers are 
scheduled to appear in February. A full 
moon will occur on the 2nd, with its 
perigee on the 17th. 

band-by-band summary 

Ten and twelve meters, the highest 
day only DX bands, are nearest the 
MUF for southern hemisphere paths. 
They will be open most days when the 
solar flux is above 85 during the 3-to-5 
hour period centered on local noon. 
These bands open on paths toward the 
east and close toward the west. The 
paths are up to 2400 miles (4000 km) 
in single-hop length, and on occasion 
triple that during evening transe- 
quatorial openings. 

Fifteen meters, a day only DX band 
open most days, will be best when the 
MUF is slightly above this band in a 
transition period that occurs right after 
sunrise and just before sunset. Transe 
quatorial openings will occur, with dis¬ 
tances similar to 10 and 12 meters. 

Twenty, thirty, and forty meters are 
both daytime and nighttime DX bands. 
Twenty is the maximum usable band 
for DX in the northern directions during 
the day. In combination with 30 meters, 
it provides nighttime paths for the day 
only bands. Forty meters becomes 
the main over the pole DX nighttime 
band, with some hours covered by 30 
meters. 

Eighty and one-sixty meters, the 
night-only DX bands, exhibit short-skip 
propagation during daylight hours, 
then lengthen at dusk. These bands 
follow the darkness path, opening to 
the east just before local sunset, 
swinging more to the north-south near 
midnight, and ending up in the Pacific 
areas for a few hours before dawn. On 
some nights, 80 meters, with its higher 
signal strengths, will be the best band 
to use. One-sixty is also expected to 
provide similarly good conditions. 

ham radio 



two new hf transceivers 

Kenwood has announced two new high per 
formance HF transceivers: the TS I40S and the 
TS 680S The TS 140S is an all hand, all mode, 
100 watt HF transceiver with general coverage 
receiver. The all band, all mode, 100 watt HF 
TS 680 transceiver includes a ten watt, six meter 
section. 

The new programmable band marker is use 
ful (or staying within the limits of your ham 
license and prevents out of band operation For 
contesters. there is a program in the suggested 
frequencies to prevent QRM to non participants. 

A Morse Code beeper status indicator has 
been included. The indicator verifies the oper 
ating mode with Morse Code characters, signals 
empty or full memory banks, and lets you know 
when frequency lock is on. 



Other features are dual digital VFOs. 31 mem 
ory channels Iten of which can store receive and 
transmit frequencies separately tor repeater or 
cross band operation), programmable scanning, 
and automatic selection of USB or LSB Ken 
wood interference reducing circuits: IF shift, dual 
noise blankets. RIT. RF attenuator, selectable 
AGC, and FM squelch are also included. Sug 
gested retail price is $899.95 for the TS MOS and 
$999 95 for the TS 680S 

A complete line of accessories is available For 
details contact Kenwood Communications and 
Test Equipment Group. 2201 E Dominguez 
Street, Long Beach. California 90810 

resonators and a new 
mobile antenna 

Hustler, Inc. has introduced two new resona 
tors for use with the H F Mobile System Spe 
cifically designed lor WARC bands it is com 
pletely compatible with your present H F Mobile 
System, using the MO 1, MO 2. oi MO 3 mast 

The RM 12, 12 meter resonator has a band 
width 90 120 kHz under 2:1 or better, a 400 watt 
rating, for use with the Hustler Mobile H F Sys 
tern, for $13 96 


The RM 17. 17 meter resonator with a band 
width 150 kHz under 2 1 oi better and 400 watt 
rating also tor use with the Hustler Mobile H F 
System priced at $19 95 

Hustler's RMX 10 meter Super Mobile anten 
na has a 1000 watt rating, with a bandwidth 350 
kHz under 2:1 or belter Including spring, it is 
48 inches tall and can be mounted using the Hus 
tier HLM or TIM The coil is compatible with 
the Hustler full size Mobile H F System. Avail 
able in black, white, or red, the antenna is priced 
at $31.95 

For further information contact Hustler, Inc., 
One Newtronics Place, Mineral Wells, Texas 
76067. 

Circle /301 on Reader Service Card 


improving rf ground 

Don't we all sometimes have problems with 
not having a good rf ground problems like rf 
"hot spots” that "bite " our lips or fingers when 
we transmit; rf feedback that causes our rigs to 
quit working on certain bands, excessive rf coup 
ling to ac lines that causes everything to quit 
working, neighbors screaming about TVI or RFI; 
computers spewing out gibberish; being unable 
to talk across town because of extreme ground 
losses or radiation pattern distortion? 

The new MFJ 931 creates an artificial rf 
ground with |ust a random length of wire thrown 
along the floor It's very effective at placing your 
rig at or near actual eaitli ground potential, even 
il your rig is on a second or higher Moor It can 
also place a far away ground, no matter how dis 
tant, directly at your rig electrically by tuning out 
the reactance of the wire that connects your ex 
isting ground to your rig 

The MFJ 931 connects between the ground 
connection of your transmitter or antenna tuner 
and a random length of wire on the floor Using 
its built in rf ammeter, two knobs ad|ust lor max 
imum rf ground current; this resonates the 
random wire, converts it into a tuned counter 
poise, and presents an effective low impedance 
near ground potential to your rig, thus creating 
an artificial rf ground 

To place a distant ground directly at your radio 
equipment electrically, simply connect the 
MFJ 931 between your rig and connecting 
ground wire Ad|iist its two knobs for maximum 
rf current, this tunes out the reactance ol the 
connecting wire, reduces the electrical ground 
lead length to virtually zero, and electrically 
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places your distant ground directly at your rig. 

TheMFJ 931 covers 1.8to30MH/ Rugged 
ly built, it's housed in an all aluminum cabinet 
with a blushed aluminum Iron! panel, measures 
7 1/2x3 12x7 inches, and retails lor $79 96 
For additional information, contact MFJ En 
terprises. Inc . P O Box 494, Mississippi Slate, 
Mississippi 39762. 

Circle /302 on Reader Service Card 


Kanterm-PC™ 

Kanterm PC'“ is a new terminal progiam lor 
IBM PCs and compatibles designed specifically 
for use with its KPC 4 and KAM dual port units 

Kanterm PC features five different selectable 
screen configurations created to enhance dual 
port-operation Screen options include the hori 
/om.il port split, the vertical port split. Id (port 
11 only. VHF (port 21 only, and the standard com 
bined port 1 port 2 full screen display All screen 
displays include a separate transmit display 
window. 

In addition to screen options, Kanterm PC also 
features 37 user loaded buffers of 264 chaiac 
tors each, and a pop up menu that displays ad 
ditional program options. Kanterm PC includes 
a real time clock and date display, word wrap 
ping of received text, and many other valuable 
features 

Foi further information, contact Kantronics, 
1202 East 23 Street. Lawrence. Kansas 66046 

Circle /303 on Reader Service Card 


tv/fm interference 
highpass filters 



Ameco has introduced two new tv fm inlet 
lerence highpass filters The new models avail 
able are HP 75T, lor 75 ohm applications, which 
comes with a length of coaxial cable lor easy in 
stallation, and HP 300T. for twin lead applica 
lions, which has a twin lead termination for 
simple installation Each filter contains nine 
shielded sections, with a total ol 25 elements in 
five individually shielded compartments They 
provide 70 dB attenuation below 50 MHr The 
list price lor each is $12 95 

For further information, contact Ameco Equip 
ment Company. 220 East Jericho Turnpike. Mm 
eola. New York 11501 
Circle /304 on Reader Service Card 


Measure Up With Coaxial Dynamics 
Model 85A Termination Wattmeter 


A direct-reading instrument for servicing 50 ohm communication systems and 
maintaining them at peak operation. 




The Model 85A features: 

• Dry load no coolant required. 

• Replaceable connectors, interchangeable without affecting instrument 
calibration. 

• Four power ranges easily switchable — 

0-3/15/50 and 150 watts lull scale. 

• Frequency Range: 20 to 512 MHz 

• Accuracy: ± 5% OFS 

• Temperature Compensated 
Contact us for your nearest 
authorized Coaxial 
Dynamics 
representative or 
distributor in our 
world wide sales 
network 


5210 Industrial Parkway 
Cleveland, Ohio 44135 
216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Product 


COAXIAL 
DYNAMICS, INC 
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CONFERENCE PROCEEDINGS 


AMSAT-NA FIFTH Space Symposium 


This conference was held in conjunc¬ 
tion with the 1987 Amsat Annual Meet¬ 
ing in Southfield Ml Nov 6-8 1987 11 
papers are presented with topics on 
trends in spacecraft technology, and 
space science education. FO-12 mail¬ 
box QRP EME. Phase lll-C and Phase 
IV developments in orbital determina¬ 
tion and attitude control Over 100 
pages SI2 


OTHER CONFERENCES 

Mid-Atlantic VHF Conference. This con¬ 
ference was sponsored by the Ml Airy 
VHF Radio Club. Oct 10-11. 1987 11 
papers cover everything from mountain 
topping to transceivers for the 3400 and 
5600 MHz bands 120 pages $10 


21 si Central Slates VHF Society Con¬ 
ference held in Arlington, Texas. July 23- 
26. 1987 28 papers covering everything 
from use of TVRO dishes for moon- 
bounce to a solid state amplifier for 5.7 
GHz 166 pages S10 

6th ARRL Computer Networking Con¬ 
ference held In Redondo Beach Califor¬ 
nia August 29.1987 The latest concepts 
on networking, high speed modems and 
other packet-radio technology are dis¬ 
cussed in 30 papers that were prepared 
for the conference 174 pages $10 

MICROWAVE UPDATE 1987 held in Estes 
Park. Colorado. September 10-13. 1987 
17 papers on equipment, antennas and 
techniques for 902 MHz through 10 GHz 
Much information on construction of 2.3. 
3 4 and 5 7 GHz gear 136 pages $10 


Please include $2 50 ($3.50 UPS) for shipping and handling 


PUBLISHED BY: 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN STREET 
NEWINGTON CT06111 
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products 



cleaning, polishing tool 


The Eraser Company has announced the avail 
ability of its new Superbrush Cleaner and Bur 
nisher Kit. which contains a Superbrush holder 
with a coarse grade FybRglass refill installed and 
two extra refills made of stainless steel wire and 
fine-grade FybRglass. Each gives a different 
cleaning action, ranging from a fine polish to a 
coarse, sandpaper finish. 

Priced at $6.98, the Superbrush may be used 
to clean, burnish or polish a variety of surfaces. 
Some of its many uses include removing rust 
spots, cleaning electrical contacts, roughing sur 
faces before using epoxy or glue, cleaning lead 
in stained glass, deburring small metal parts, 
scrubbing stains off pots and pans, and a num 
ber of other household and office uses. A twist- 
tip control allows the entire length of the refill 
to be used; replacement refills are available in 
packs of two. 

For details, contact The Eraser Company, Inc., 
P 0. Box 4961, Olivia Drive. Syracuse. New York 
13221. 

Circle /305 on Reader Service Card. 

tiny TNC-2 announced 

Pac-Comm announces a totally redesigned 
TNC-2 clone, which uses unmodified TAPR 
TNC-2 software. This new Tiny TNC-2 uses an 
integrated circuit modem and simplified circuitry 
to insure reliability, size reduction and a much 
lower cost. This unit includes as standard fea 
tures 32k RAM and 32k EPROM, RS 232 and 
TTL compatibility, watchdog timer, modem dis¬ 
connect header, switch selectable terminal baud 
rates and 12V DC operation. The Tiny TNC-2 is 


approximately 50 percent the size of the original 
TNC 2. This is not a kit, it's a fully assembled 
and tested 1200 baud unit, ready for use on 10 
meters and VHF. For additional information con¬ 
tact Pac Comm Packet Radio Systems, Inc., 
3652 W. Cypress Street. Tampa, Florida 33607. 

Circle /306 on Reader Service Card. 

self-teaching 
Novice package 

The New Novice Voice Class instructional 
package from Master Publishing contains every 
thing would be hams need to learn about, pre¬ 
pare for, and pass the new Novice examination 
and obtain a license. Two audio cassette tapes 
and a 112 page book provide all the material cov¬ 
ered by the code and theory elements of the 
Novice Class examination. 

The two-sided, 44 minute cassette tapes teach 
the student how to receive and send 5-WPM 
CW; the book contains the 302-question pool 
— with explanations of the answers — from 
which examiners select 30 questions for the 
theory examination. Charts, diagrams, and equa¬ 
tions illustrate the subject matter. A copy of 
Form 610 is included, as are directions for the 
examiners. 

The New Novice Voice Class package is avail¬ 
able in Radio Shack stores for $19.95. For more 
information, contact Master Publishing, P.O. 
Box 834158, Richardson, Texas 75083-4158. 

Circle /309 on Reader Service Card. 

network design, 
analysis program 

RF Notes No. 41Network Analysis I from Etron 
is the sixth in a series of design assist programs 
for problems frequently encountered in rf and 
analog design R, L. and C elements (up to 14 
sections) may be entered in schematic diagram 
form (you actually draw the schematic as you 
go) or entered directly. Output data is in tabu¬ 
lar and graphical form. Graphics plot parameters 
are user selectable Final designs can be saved 
and retrieved (export/import) in schematic form. 
Designs from the other Etron RF Notes programs 
(proper version) can be imported for Edit and 
Analysis. 

Priced at $179.00, plus shipping and handling, 
the fully menu-driven program includes a tutorial 
section, is color/monochrome selectable, and 
runs on the IBM PC, PCXT, PCAT, PCjr. (En¬ 
hanced), PC/MS DOS 2.1, 256K. A color graph¬ 
ics card (CGA) is required. 

For information, contact Etron RF Enterprises, 
P.O. Box 4042, Diamond Bar, California 91765 

Circla /310 on Reader Service Card. 

new MS-DOS logbook 

QSO PRO from Morlan Software is a high- 
quality MS-DOS logbook. QSO-PRO was devel¬ 
oped for radio amateurs who are committed to 
keeping track of QSO details. The problem is 
compounded when keeping track of countries 


worked and verifying which of those states (or 
countries) still haven't sent that all important 
QSL card. 

QSO PRO is designed to be user friendly and 
stores information on the most often used stat¬ 
istics involved in the average QSO. Addition¬ 
ally, it offers the convenience of REAL TIME 
LOGGING; PRESET for presetting routine re¬ 
sponses; DUPE checks all logged contacts and 
brings important facts to the current contact. 
The BROWSE command allows scanning for a 
specific response using one letter to the entire 
response. 

QSO PRO is self documenting (using help 
screens) MEMO allows storing personal notes 
of up to 55 characters about each contact. 
CURSOR CONTROL gives the ability to easily 
change any of the information of any contact. 
TALLY QSO PRO counts QSOs, QSLs sent and 
QSLs received by state and country. TALLY also 
ignores any QSOs that are marked as a duplicate. 

QSO PRO List Price is $39.95 and is available 
through the ham radio Bookstore (add $3.50 for 
shipping and handling) or can be ordered directly 
from Morlan Software, P.O. Box 2400, East 
Liverpool, Ohio 43920-0400. 

Circle /307 on Reader Service Card 

components catalog 

A new catalog from Mouser Electronics offers 
176 pages featuring 16,000 items including capa 
citors, potentiometers, resistors, transformers, 
lamps, switches, batteries, holders, jacks, plugs, 
speakers, knobs, fuses, semiconductors, hard¬ 
ware, tools, test equipment, relays, cabinets, 
meters, alligator clips, delay lines, crystals, sol¬ 
dering equipment, integrated circuits, heat sinks, 
fans, diodes, coils and chokes, connectors, 
microprocessors, and more. 



For a free copy, contact Mouser Electronics, 
P.O. Box 719, Mansfield, Texas 76063. 

Circle /308 on Reader Service Card. 
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MARK 4CR 




The only repeaters and controllers 
with REAL SPEECH! 


No other repeaters or controllers match 
Mark 4 in capability and features. That's 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message Master im real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet 

Call or write for specifications on the 
repeater, controller, and receiver winners. 


I* 


Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 


MICRO CONTROL SPECIALTIES 

Division of Kendecom Inc. 

23 Elm Park. Groveland. MA 01834 (617) 372-3442 



TELEX 4932256 Kendecom 



FAX-1000 fax converter 

DGM Electronics, Inc has just introduced the 
FAX 1000 Facsimile Converter to its line ol tiuul 
ity communications products. The FAX 1000 
simply connects between your communications 
receiver and any Epson graphics compatible 
printer 



The FAX 1000 allows you to print weather 
charts, satellite pictures, and press photos It will 
copy a m facsimile signals sent by satellite or fm 
facsimile signals, which are normally sent on the 
hf frequencies. It will copy all standard speeds 
and indices of cooperation Pictures can Ire in 
verted or printed in either direction A ten 
segment bar graph allows accurate tuning of the 
station being copied 


The FAX 1000 can be operated in the auto 
matic or manual mode. In the automatic mode, 
it will wait for the appropriate signals from the 
sending station to start, frame, and stop print 
mg In the manual mode, the oirerator can start 
the printing and manually frame the picture 
Front panel LED indicators and pushbuttons 
make the FAX 1000 easy to operate 

Housed in a compact. RFI proof aluminum en 
closure, the FAX 1000 measures only 7*2x6 
inches deep The unit is powered by a 110 VAC 
wall transformer (included), and priced at $299 
For more information, contact DGM Electron 
ics. Inc., 901 Elmwood Avenue. Beloit. Wiscon 
sin 53511. 

Circle #311 on Reader Service Card. 

marine radio 

The new Vectoi Radio VR 60 transceiver, 
priced at $1,295 offers worldwide hf, SSB com 
munications in the Amateur, marine, aircraft 
and emergency rescue bands. Powered by a re 
chargeable battery which is maintained at full 
charge by a photovoltaic solar panel on top of 
its waterproof floating case, this self contained, 
portable unit measures only 14 x II *6 and 
weighs 16 pounds 

Its 8 foot telescoping whip antenna stores in 


a 



side the case when not in use While an inter 
rial antenna timer is built in. the VR 50 may be 
used with ,i wide range ol auxiliary antennas 

Crystal controlled lot " on the money" tuning 
on a total of 24 channels in the 1 8 to 17-MH/ 
bands, the unit puts out 50 watts PEP on voice 
and 25 watts on CW (code! Type acceptance 
by the FCC on marine and aircraft frequencies 
is expected by Novembet 1987. 

For information, contact tho Vector Radio 
Company, 3207 Roymar Road. Oceanside. Cal 
ifornia 92054 

Circle n\2 on Reader Service Card 
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Radio's guide to help you find your local 


California 


A-TECH ELECTRONICS 

1033 HOLLYWOOD WAY 
BURBANK, CA 91505 
(818) 845-9203 

New Ham Store and Ready to Make a 
Deal! _ 

JUN’S ELECTRONICS 

3919 SEPULVEDA BLVD. 

CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

525 EAST 701h AVE. 

SUITE ONE WEST 

DENVER, CO 80229 

(303) 288-7373 

(800) 227-7373 

Stocking all major lines 

Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast's only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 


DOC'S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 / 861-5610 
ICOM, Yaesu, Kenwood. Bird.. 
9AM-5:30PM 
We service what we sell. 


Hawaii 


HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu. Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 


Idaho 


ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


Indiana 


THE HAM STATION 

220 N. FULTON AVE 
EVANSVILLE, IN 47710 
(800) 523-7731 
(812) 422-0231 

ICOM, Yeasu, Ten-Tec, Cushcraft, Hy- 
Gain, AEA & others. 


Maryland 


MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 

M-F 10-7 SAT 9-5 


Massachusetts 


TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On 


Michigan 


ATLANTIC SOLAR POWER/ENCON 

(SINCE 1979) 

37279 W. SIX MILE RD. 

LIVONIA, Ml 48152 
(313) 591-7745 

Solar Electric Power for Repeaters, 
Ham Shacks, Packet Radio. 

Call Paul, WD8AHO 


Missouri 


MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 


Nevada 


AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray "Squeak,” AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 


New Hampshire 


RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY, N. H 03038 
603-434-5371 

Hours M-S 10-5; THURS 10-7 
Closed Sun/Holidays 


D__ J~rc- YOU SHOULD BE HERE TOO! 
Lseaiers. Contact Ham Radio now for complete details. 
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Amateur Radio Dealer 


New Jersey 


ABARIS SYSTEMS 

276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201-939-0015 
Don WB2GPU 

Asiatic. Azden. B&W. Butternut. Larsen. 
Mirage/KLM. Kenpro, Nye. Santee. 

THL. and many others 
M-F 10 am-9 pm 


UNIVERSAL AMATEUR RADIO. INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood. Yaesu. Icom, 
and other fine gear Factory author¬ 
ized sales and service. Shortwave 
specialists Near 1-270 and airport 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W FOND DU LAC AVE 
MILWAUKEE. Wl 53216 
414-442-4200 

Wise. Wats t (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


SAT 9 am-7 pm 
VISA/MC 


KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(201)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor ot KLM. Mirage. ICOM. Lar¬ 
sen, Lunar. Astron Wholesale - retail 


New York 


BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK. NY 10012 
212-925-7000 

New York City's Largest Full Service 


Pennsylvania 


HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357-1400 

Same Location for over 30 Years 


Tennessee 


MEMPHIS AMATEUR ELECTRONICS 

1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free 1-800-238-6168 
M-F 9-5: Sat 9-12 

Kenwood, ICOM. Ten-Tec. Cushcratt. 
Hy-Gain, Hustler. Larsen. AEA, 
Mirage. Ameritron, etc 


Foreign Subscription Agents 
tor Ham Radio Magazine 
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Ham and Commercial Radio Store 


VHF COMMUNICATIONS 

915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
716-664-6345 

Call after 7 PM and savel Supplying all 
ol your Amateur needs Featuring ICOM 
"The World System " Western New 
York's finest Amateur dealer 


Ohio 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE 

WICKLIFFE. OH 44092 (Cleveland Area) 

216-585-7388 

Ohio Wats 1 (800) 362-0290 
Outside Ohio 1 (800) 321-3594 
Hours M-F 9-5:30. Sat 9-3 


DEBCO ELECTRONICS, INC. 

3931 EDWARDS RD 
CINCINNATI. OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 
Sun 12-6PM 

We buy and sell alt types of electronic 
parts 


Texas 


MADISON ELECTRONICS SUPPLY 

3621 FANNIN 
HOUSTON. TX 77004 
713-520-7300 
Christmas?? Now?? 


KENNEDY ASSOCIATES 

AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
512-680-6110 

Stocking all major lines San Antonio s 
Ham Store Great Prices — Great 
Service Factory authorized sales and 
service 

Hours: M-F 10-6; SAT 9-3 


MISSION COMMUNICATIONS 

11903 ALEIF CLODINE 

SUITE 500 (CORNER HARWIN & 

KIRKWOOD) 

HOUSTON, TEXAS 77082 
(713) 879-7764 

Now in Southwest Houston—full line 
of equipment All the essentials and 
extras for the "ham " 


GIVE YOUR EARS A BREAK! 



• Complete warty lo use 0IMF selective calling unit 

• Use wilh FM oi AM transceiver scanner etc 

• Built-in speaker • Automatic speaker reset 

• Easy programming with switches • Call light 

• Unrestricted 3 digit code all 16 digits# Wrong number reset 

• 12 VDC mobile or base with 117 VAC power pack (included) 

MoTron 

Electronics * * 89.95 

695 W 21st Ave {S 3 00 Shipping 

Eugene. OR 97405 Handling u s ai 

Call Toll Free 1 - 800 - 338-9058 or (503)687-2118 

** 115 
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ELMER ’S NOTEBOOK 


Tom McMullen, W1SL 


Standing Wave Ratio 
— what does it mean? 

Every radio amateur has at least 
heard the term, many have measured 
it and some know what it means. 

SWR or VSWR? 

SWR or Standing Wave Ratio is a 
term often used by Amateurs and 
others in the rf world. But this neat, 
easy-to-say phrase, doesn't really tell 
us what kind of waves it describes. 

The proper term is VSWR or Volt¬ 
age Standing Wave Ratio. Some peo¬ 
ple even try to pronounce it -- some¬ 
thing in the order of "vizwahr" comes 
out. I'm not sure that pronouncing it 
improves anything, but the electronic 
world is full of buzz words. However, 
back to the questions: what is VSWR, 
how do we get it, and how is it 
measured? 

Figure 1A shows a cross-section of 
coaxial transmission line terminated 
with a resistor (or load that appears as 
one) that matches the impedance of 
the line. Stick a voltage-sensing probe 
in the transmission line, move along 
the line for a considerable fraction of 
a wavelength at the frequency of your 
transmitter, and you will get an equal 
voltage reading at all points. This is 
called a flat line. There are no peaks 
or depressions in the voltage readings 
from one end of the line to the other. 
The VSWR is 1:1. 

How does it become unflat? Let's 
lay the groundwork for understanding 
that by looking at some basic dc and 


ac theory. When you apply voltage to 
a resistor, current flows through it, and 
the energy (power) is dissipated as 
heat. That's the only thing a resistor 
can do with energy — turn it into heat 
and get rid of it by letting the air 
(water, oil, metal, or some other 
medium) soak it up. It accepts all the 
energy you give it. 

Applying dc voltage to a coil (induc¬ 
tance) doesn't produce the same re¬ 
sult. When current flows in a wire it 
creates a magnetic field. If that field 
cuts across any nearby wires, it creates 
a counter emf. The counter emf tries 
to make current flow in the opposite 
direction of the one that created the 
field and the two currents oppose 
(buck) each other. Consequently, 
maximum current flow is delayed while 
voltage is not and they get out of 
phase. After the initial surge of current 
flows through the coil, the field be¬ 
comes steady and the maximum dc 
current flow is determined by the 
resistance of the wire and the applied 
voltage. 

Things get more complex if you ap¬ 
ply an ac voltage to an inductor. The 
magnetic fields build and decrease 
with each ac cycle. When the field 
builds in the first quarter of a cycle, it 
opposes current flow. As the ac volt¬ 
age decreases during the next 1/4- 
cycle, the field decreases. A decreas¬ 
ing field creates a current flow that 
reinforces the original current. During 
the next two 1 /4-cycles the process is 
repeated and the voltage and direction 
of current flow reverse, causing the 


magnetic fields to increase, decrease, 
and reverse as well. The result is a 
complex interaction of current flow 
that slows down and speeds up as de¬ 
termined by the frequency of the ac 
applied voltage and the reactance of 
the coil. If the reactance is high 
enough at the frequency of the ac, 
almost no current will get through be¬ 
cause the magnetic fields are strong 
enough to oppose It. 

To understand the difference be¬ 
tween dc and ac power flow remem¬ 
ber: with dc maximum voltage and 
current occur at the same time, and 
with ac this happens only when the 
load is a pure resistance (or by the use 
of electronic trickery appears as one). 
At all other times, the magnetic fields 
cause the voltage and current flow 
peaks to be out of phase. Now, let's 
see what this has to do with antennas 
and VSWR. 

the antenna as a resistor 

An antenna that is exactly the right 
length for the frequency applied is 
resonant. This antenna accepts all the 
energy it is given and radiates it into 
space — much like the resistor that 
radiates all its energy as heat. The 
more you give it, the more it radiates. 
Such an antenna can be called resis¬ 
tive or matched. 

When the antenna length is not right 
for the frequency, some of the applied 
energy is radiated into space but some 
is used in opposing the current flow by 
means of magnetic fields, just as with 
the inductance. These reactive anten- 
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fig 1 When the load at the end of a transmission line is the same as the impedance 
of the line, the rf voltage along the line is constant, so the line is called "flat” as at 
A. If the load (resistance) is not the same as the line, then reflected, out of phase volt 
age interacts with rf energy from the transmitter, which causes peaks and valleys in 
voltage readings along the line, as at B. 


nas cause some energy to be reflect 
ed back down the transmission line 
toward the transmitter and the phase 
of the reflected energy is not the same 
as the energy coming from the trans¬ 
mitter. This reflected, out-of-phase 
wave interacts with the next cycle of 
energy from the transmitter producing 
peaks and valleys of voltage along the 
transmission line. By measuring the 
voltage with a probe, you get readings 
with curves like those in fig. IB. To 
determine the VSWR. use the formu 
la VSWR = Vmax/Vmin. Note that 
the ratio is always greater than (or 
equal to) 1, and expressed as 1:1 (for 
a flat line), 2.3:1 (for moderate SWR), 
or 11:1 (for a badly mismatched 
system). 


A standard laboratory method of de¬ 
termining VSWR involves moving a 
probe along a calibrated section of 
transmission line (either coaxial line or 
a waveguide), and using the readings 
for calculations. Commercial SWR 
meters that use loops to sample rf cur 
rent in a transmission line are calibrat 
ed against this voltage-probe type of 
instrument (called a slotted line be¬ 
cause of its construction). 

amateur instruments 

With this background on VSWR, 
you can understand the performance 
of the many commercial and home¬ 
brew SWR meters available. It is im¬ 
practical to keep a slotted line in your 
backyard to check an 80-meter anten- 


800 - 882-1343 


<X) 


ICOM 



IC-735 List 

IC-761 New fop of Line 2499 00 

IC-735 Gen Cvg Xcvr $999.00 

IC-751A Gen. Cvg Xcvr 1649 00 

H7000 Gen Cvg Rcvr 1099 00 

R71A Gen Cvg. Rcvr 949 00 

IC-28A/H FM Mobile 25w/45w 429/459 
IC-37A FM Mobile 25w 499 00 

IC-900 Super Multi-Band Mobile 589 00 
IC-04AT UHF HT 449.00 

IC-48A UHF 45w 459.00 

IC-38A FM Mobile 25w 459 00 

IC-02AT FM HT 399 00 

IC-^2AT Micro HT 329 00 


KENWOOD 



PQ 




TS-440S/AT 

TS-940SAT Gen Cvg Xcvr $2249 95 

TS-430S Gen Cvg Xcvr 819 95 

TS-711A All Mode Base 25w 899 95 

TR-751A All Mode Mobile 25w 599 95 

TS-440S/AT Gen Cvg Xcvr 1199 95 

TM 2530A FM Mobile 2Sw 429 95 

TM-2550A FM Mobile 45w 469 95 

TM-2570A FM Mobile 70w 559 95 

TH-205 AT. NEW 2m HT 259 95 

TH-215A. 2m HT Has II All 349 95 

TH2IBT2MHT 259 95 

TH3IBT 220 HT 269 95 

TM-3530A FM 220 MHz 25w 449 95 


'■ - - ihhod Tirr.TZ 


|i -mriiT ^ 


FT 757GX 

FT 757 GX Gen Cvg Xcvr 
FT-767 4 Band New 
FT-211 RH 

FT-290R All Mode Portable 
FT-23 R/TT Mini HT 
FT-209RH RM Handheld 5w 
FT-726R All Mode Xcvr 
FT-727R 2M/70CM HT 
FT2700RH 2M/70CM 25w 


$995 00 
1895 00 
459 95 
579 95 
299 95 
359 95 
1095 95 
479 95 
599 95 


JUNS 



3919 Sepulveda Blvd. 
Culver City, CA 90230 
213-390-8003 


e- til 
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na; it would have to be more than 65 
feet long and even on the UHF bands 
is a slow, unwieldy tool. Also, they are 
made to work with only a few milli¬ 
watts of power. The current-pickup- 
loop type is by far the most common 
instrument available though some 
meters use a bridge circuit. Both types 
sample energy in a very small portion 
of a wavelength, translating that ener¬ 
gy into a meter reading using diodes 
and resistors to create dc from the rf 
energy that is picked up. Figure 2 
shows the basic circuitry of two types 
of current-loop devices and one bridge 
type. None of them approach the ac¬ 
curacy of a slotted line, but are more 
than adequate for our purposes. 

There are three steps to take when 
checking out your antenna/feedline/ 
transmitter system. First tune your 
transmitter with the power/SWR 
meter connected between it and a 
good 50-ohm dummy load (assuming 
you are using 50-ohm coaxial cable*). 
Second connect the dummy load at 
the far end of your transmission line 
and check the power and SWR again. 
If your cable is good, the reading 
should be the same as when the 
dummy load was near the transmitter. 
If not, your cable is not as good as the 
salesman said it was. Finally, if the 
cable checks out, connect the anten¬ 
na. Any reflected power (SWR) that 
shows up now indicates that the an¬ 
tenna is not matched. Don't get excit¬ 
ed if there is some — few antennas are 
totally resistive and equal to the trans¬ 
mission line characteristic impedance. 
A ratio of 1.5:1, 2:1, or more can be 
tolerated. Check the instruction book 
for your transmitter's limitations. The 
SWR you can live with is usually de¬ 
termined by what the final amplifier 
stage can handle and many solid-state 
units shut down before it gets high 
enough to do any damage. 

If you want to be a purist, check the 
transmission line with the power/SWR 
meter after testing it with the dummy 
load. By comparing the power read¬ 
ings at both ends, you will see how 

* We call it 50-ohm cable, but the impedance is usually 
closer to 52.5 ohms for most coaxial line. 


much is being lost in the cable. Some 
power is lost because of the wire's 
resistance, but more is lost if the cable 
has poor quality dielectric or has been 
contaminated with moisture or pollu¬ 
tion. After you have this bit of good 
(or bad) news, keep the meter at the 
far end of the transmision line and 
check the antenna SWR right on the 
spot. Be careful here; rf burns can be 
nasty. You can do all this at relatively 
low power if your meter is sensitive 
enough. To keep from annoying fellow 
occupants on the band, use the lowest 


power possible; preferably when the 
band is not open or fairly inactive. 

How can an SWR meter fool you 
into thinking all is well? The voltage 
and current at the current pick-up 
point is of sUch amplitude and phase 
that it makes the SWR look right and 
you assume the line is matched. But 
you notice that the transmitter doesn't 
load just right, is putting out lower 
power, or the tuning is super critical. 
To troubleshoot the problem, add or 
remove a section of transmission line 
and see if the SWR reading changes. 
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flea 4 ; 

market 


RATES Noncommercial ads 10C per word; 
commercial ads 60C per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO; Flea Market, Ham 
Radio, Greenville, N. H. 03048 


TEST EQUIPMENT WANTED. Don't wait we ll pay cash 
tor LATE MODEL HP, Tek, etc. Call Glenn, N7EPK. at Skagitron 
ics Co. (800) 356 IRON. 

HAMLOG COMPUTER PROGRAMS. 17 modules auto logs, 
sorts 7-band WAS/DXCC. full features. Apple $19.95, IBM or 
CP/M $24.95. KA1AWH. POB 2015, Peabody, MA 01960 

TEKTRONIX 7000 scope plug in's wanted: 7A, 7B, 7D, 7S, 
7L series Doug Rygalo, 13117 132 St, Edmonton, Albejta T51 
1R6. Phone (403) 453 1008. 

I PAY CASH for new and used vacuum tubes, especially vin 
lage and transmitting types I also buy vintage audio equipment 
by Western Electric, Altec, McIntosh, Marantz, Westrex, etc 
Randy Nachtrieb, WA6GJA, 6392 Park Avenue, Garden Grove, 
CA 902645 (7141 897-9351. 

WANTEO ATLAS 350-XL. N5NM, Box 2169, Santa Fe. NM 
87504 (505) 988 2305. 

CLEANING HAMSHACK. Ham equipment, test equipment, 
manuals, radio parts, opt res and antique radios /parts. Send busi 
ness SASE for list, W6IEG. PO Box 1244, Oakhurst. CA 93644. 
(209) 683 8430 

WANTED: Swan 250, 6 meter (tube) SSB/CW transceiver ami 
power supply. Richard McMahon, PO Box 316, FPO New York 
09518. 

R-390A Receiver: $115, electronically complete, repairable 
(government-removed meters, operation unaffected). R-390A 
parts; info SASE. Professional quality TS-352 Voltohm/ 
Multimeter, AC DC, with leads, manual: $12.50. Mint military 
spec pull out 12AT7, 68A6. 6AG5, 6AL5: $ 10/six. CPRC-26ln 
fantry Manpack Radio, 6 meter FM, receiver transmitter sections, 
cabinet, antenna, crystal, handset: $22.50, $42.50/pair. H-251 
Military Communications Headphones: $7.50. Add $4.50/piece 

shipping ($9 maximum), except R 390A shipped collect Baytron 
ics. Box 591, Sandusky, OH 44870. 

CAN YOU HELP? Need operating instructions and schematic 
for John Fluke differential DC voltmeter Model 801. Adrian 
McMarui, VE3AYA, Wyoming. Ontario, Canada NON 1TO. 

SB220 OWNERS: Add 160 meters. QSK, i 8 additional on 
hancements. 40 page step by step manual includes parts sources, 
and 3-500z tech manual. SASE for details. $10 plus $1 postage. 
WA2SOO, 69 Memorial Place, Elmwood Park, NJ 07407. 

TEST EQUIPMENT for SALE. Many useful, quality items. 
General Radio 1001 A signal generator, lab grade. $100. 
GR-1650A RCL Impedance bridge, $135. Tektronix 50 MH? plug 
in units. Exc. 1A1 $100; 1A4 4-trace $150. HP 130B audio scope 
$50. HP 4J2A DC VTVM. Exc. $40. Microwave Equipment: 
HP-618B generator, 3.8 7 6 GHz, $150. FXR C772A, 3.9 8.2C 
$75. Alfred 650 Sweep Gen $200 HP-851 B Spectrum Analyzer 
Display. $100. Boonton260 A Q Meier. $250 Most have manu 
a(s. Large Vartac, 22 amps, new. cased boxed »etails $296, sell 
$75 UTC commercial grade swinging chokes, 5-2bHy, 5000V, 
Exc f linear. $25 ea. Micamold capacitors. 2Mf. 4KV, $8 e.i. 
Giant Tektronix service manuals, 465B. 475A $20 ea List of Tost 
Equipment manuals, SASE. Thermocouple wire. Type J. 18. ft 
Joseph Cohen. 200 Woodside, Winthrop, MA 02152 1617) 
846-6312 

SOLDERING STATION AND TOOLS, European and Amen 
can. Free catalog Robert Mink Import-Export, Box6437R, Fair 
Haven, NJ 07704 (201) 758 8388 

WANTED TEN-TEC ARGONAUT. N5NM, Box 2169, Santa Tit. 
NM 87504 (505) 988 2305 


WANTED: K2RIW Amplifier and Power Supply (QST, April, 
May 1972). Gerald Rose. KB4QGJ, 524 N. Quaker lane, Alex¬ 
andria, VA 22304. (703) 370-1880 

ANALOG AND RF CONSULTING for the San Francisco Bay 
area. Commercial and military circuits and systems. James Long, 
Ph D., N6YB (408) 733 8329. 

FOR SALE: Ham Radio Magazines. May 1974 to December 
1987. Also Astronomy Magazines January 1978 to December 
1987. All mint condition, in yearly holders. Make offer. Ralph 
Albiston, W7IYD. 3029 East 3175 South. Salt Lake City, LIT. 
(801) 484-3859. 

1988 PRODUCT AND PRICE LIST of our Kits and Assemblies 
is now available. Send SASE to A 8 A Engineering, 2521 W. 
La Palma. Unit K, Anaheim, CA 92801. 

COMMODORE CUSTOM CHIPS FOR C64/128 Computer/ 
Peripherals at low prices. 24 hour delivery: 06510-59 95 
06526 $9.95, 06567-$14.75, 06581 $12 85, PLA $12.50, 901 
ROMS at $10.95 each and many others.. "THE COMMODORE 
DIAGNOSTICIAN”. A complete diagnostic reference chart for 
fixing Commodore computers, etc. An absolute must for those 
who want to fix their own computers and save money and down 
time. $6.95 plus postage...HD Power Supply for C64 $27.95 
...Send for complete chips/parts catalog VISA MC...Kasara 
Inc , 36 Murray Hill Drive, Spring Valley, NY 10977. 
1 800-642-7634. 800 248-2983 (outs.de NY) or 914 356-3131. 

SUPERFAST MORSE CODE SUPEREASY. Subliminal cas¬ 
sette. $10. Learn Morse Code in 1 hour. Amazing new supereasy 
technique. $10 Both $17 Moneyback guarantee Free catalog: 
SASE Bahr, 2549 H9 lemple, Palmbay. FL 32905 

UHF PARTS. GaAs fets. mimics, chip caps, trimmer caps, and 
other builder parts. MGF 1402 @$14.00 MFG 1302 @$10.00. 
.8 lOpf Trimtronics trimmer @$3.75 Porcelain chip caps 
@$1.75. Orders add $1.00 p t h. SASE for complete list. MICRO 
WAVE COMPONENTS. 11216 Cape Cod, Taylor. Ml 48180. 

2.4 kHz AM Demodulator with 8 bit A D and buffer. Copy 
WEFAX from GOES SATELLITES or APT from NOAA POLAR 
ORBITING SATELLITES. Created for use with Elmer Schwit- 
tek's Multifax 2 0 program. Order 0206 KIT $49.95 or assem¬ 
bled and tested board Order 0206-ASY $69 95 Add $2.50 
shipping per order. For info on all our WEFAX products send 
SASE to: A & A Engineering, 2521 W. LaPalma, Unit K, Ana¬ 
heim. CA 92801. (714) 952-2114. 

NJ-NJ-NJ-NJ-NJ-NJ-NJ-NJ A Pull-Service Ham-SWL CB 
Scanner store in NJ. Discount Grand Opening Prices. Top per 
forming radio systems for every budget. New 10 meter and 
VHP/UHF rigs. ARRL, Amphenol, Astatic, Astron, Azden, 
B&W, Bilal Belden 9913, Butternut, Clear Channel, KLM, Lar 
sen, MFJ, Mirage, Mil Spec Cables, much more. Open M-F 10 
AM 9PM. Sat 10 AM-7 PM. Buy and sell used gear and have 
qualified repair facility. ABARIS SYSTEMS, 276 Oriental PI, 
Lyndhurst, NJ 07071 (201) 939 0015. 

WA9GFR COMMUNICATIONS SOFTWARE. $15.00 disk con 
tains HF/VHF ? UHF/L-Band propagation programs to predict 
range in miles based on transmitter power, receiver sensitivity, 
and antenna height & gain. A 'must” for designing repeater 
installations. Also includes Smith Chart impedance marching 
programs. Commodore 64 or IBM Lynn Gerig, RR1, Monroe 
ville, IN 46773. 

SMART BATTERY CHARGER fur gell cells or lead acid bat 
teries, by Warren Dron, W1BBH See June '87QST Magazine 
for circuit details. Complete kit, nothing else to buy. only $49 95 
plus $3.50 s/h. Order 0150-KIT A ft A Engineering, 2521 W. 
LaPalma. Unit K, Anaheim, CA 92801 

IBM-PC RTTY/CW. New CompRtty II is the complete RTTY/ 
CW program for IBM-PC's and compatibles. Now with larger 
buffers, better support for packet units, pictures, much more. 
Virtually any speed ASCII, BAUDOT, CW. Text entry via built- 
in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskeopy, break in buffer, se¬ 
lect calling, text file transfer, customizable full screen logging, 
24 programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU $65. Send call letters (including MARS) with order. 
David A. Rice. KC2HO. 25 Village View Bluff. Ballston Lake, 
NY 12019. 

CHASSIS, CABINET KITS, SASE. K3(WK. 5120 Harmony 
Grove Road, Dover. PA 17315 

TELEVISION SETS made before 1946. early TV parts, litera¬ 
ture wanted for substantial cash. Especially interested in ”mir 
ror in the lid” and spinning disc tv s. Finder's fee paid for leads. 
Arnold Chase, 9 Rushleigh Road. West Hartford, Conn. 06117. 
(203) 521 5280. 

ENGINEERS request free catalog of Electronics Software. Cir¬ 
cuit analysis, filter design, graphics, etc BV Engineering, 2200 
Business Way, Suite 207. Riverside, CA 92501 (714) 781 0252. 

SUBCONTRACTORS WANTED by electronics manufacturer 
to wire small pc boards. Box 498, Greenville, NH 03048 

CODE PROGRAMS. Apple C 64 128. 37 modes graphics les¬ 
sons LARESCO. POB 2018 HR. Calumet City. IL 60409 i312) 
891 3279 

RADIO BROADCASTING EQUIPMENT WANTED for parts 
and rebuilding. Jon Hall. 98 Woodlake Drive, Charlottesville, VA 
22901. (8041 978 1220 or (804) 9/3-8697 

RTTY JOURNAL —Now in our 35th yeai. Join the circle of 
RTTY friends from all over the world Year's subscription to 
RTTY JOURNAL. $10 00, foreign $15.00 Send to: RTTY JOUR¬ 
NAL, 9085 La Casita Ave.. Fountain Valley, CA 92708. 

1MRA International Mission Radio Association helps mission¬ 
aries Equipment loaned. Weekday net, 14.280 MHz, 13 PM 


Eastern Nine hundred Amateurs in 40 countries Rev. Thomas 
Sable, S.J.. University of Scranton, Scranton, PA 18510. 

MARCO: Medical Amateur Radio Council, Ltd, operates daily 
and Sunday nets Medically oriented Amateurs (physicians, den¬ 
tists, veterinarians, nurses, physiotherapists, lab technicians, etc) 
invited to join. Presently over 550 members. For information write 
MARCO, Box 73's, Acme, PA 15610. 

COMMOOORE REPAIR/CHIPS. We are the oldest/largest 
Authorized Service Center in the country. Low prices, eg. C-64 
repair $39.95 including parts/labor...Commodore Chips at low 
prices 06510 $8 95. 06526-$8.95, 06567 $14.45, 06581 $10 95, 
82S100/PLA $10.95, 325572-$9.95, 325302 $ 10 95, 

08721 $10 50, 08722 $ 12.95, 901 ROM Series $9.95 (for 2 or 
more chips) and many others..."THE COMMODORE DIAG 
NOSTICIAN”. A complete diagnostic reference chart for fixing 
Commodore computers, etc. An absolute must for those who 
want to fix their own computers and save money and down time. 
$6.95 plus postage... HD Power Supply for C-64 $2/95 
* pp.. Send for complete chips/parts catalog.. We ship world¬ 
wide. VISA/MC. Kasara, Inc. 36 Murray Hill Drive, Spring Val 
ley. NY 10977. 1-800-248-2983 (Nationwide) or 914-356 3131. 

FOR SALE: 1 RACAL Model RA6778 0-30 MHz receiver Ex 
cellent condition $4200.00 US. Barrie Greenwood. VE3AOA, 
248 - 30th Street, Etobicoke, Ont. Canada M8W 3E1. (416) 
253-0708 

ANTENNAS ANTENNAS Austin VHF/UHF To Banders. Yayis 
HF antenna experimenters kit, books. SASE brings lists. Ed Noll. 
W3F0J, POB 75, Chalfont, PA 18914. 

HAM LAB PROJECT. Want several pieces HP G 382A varia¬ 
ble attenuator. Will consider any repairable condition. K6GOX, 
PO Box 10, O'Neals, CA 93645 (209) 868-3548 Collect. 

30 YEARS PROVIDING DSL's. Full color Old Glory, Cartoon. 

Also Parchment, Golden Eagle and others. Free samples. SASE 
appreciated. Rusprint, Rt 1, Box 363-HR, Spring Hill, KS 66083. 

YAESU FT-727-R COMPUTER INTERFACE. For info write 
Gerald Hogsett Consulting, 1581 Woodland, Palo Alto, CA 
94303 

RUBBER STAMPS: 3 lines $5.00 PPD Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave .. all 
types available. Largo stock. Next day delivery, most cases. 
DAILY ELECTRONICS. PO Box 5029. Compton, CA 90224. (213) 
774-1255. 

CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum Free sample, prices and ordering 
information. HEIN SPECIALTIES, Inc.. Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 

ANNOUNCING a new heavy duty C-64 Commodore replace 
ment power supply especially for the Packet Radio Amateur. 
The new higher amperage output will now allow for 24 hour con 
tinuous ' Packet” operation without voltage change or failure 
which the existing unit can succomb to. This P S. is an exact 
physical replacement and will not run hot. $2/95 
i pp . VISA/MC. Kasara Inc. 36 Murray Hill Drive, Spring Val 
ley, NY 10977. 1 800 248-2983 (Nationwide) or 914-356 3131. 

RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo. CA 94806 


COMING EVENTS 

Activities — “Places to go . . .” 


SPECIAL REQUEST TO ALL AMATEUR RADIO PUBLICITY 
COORDINATORS: PLEASE INDICATE IN YOUR ANNOUNCE 
MENTS WHETHER OR NQT YOUR HAMFEST LOCATION. 
CLASSES, EXAM5. MEETINGS, FLEA MARKETS, ETC, ARE 
WHEELCHAIR ACCESSIBLE. THIS INFORMATION WOULD 
BE GREATLY APPRECIATED BY OUR BROTHER ; SIS TER 
HAMS WITH LIMITED PHYSICAL ABILITY. 

February 5-14. NORAC, the North Okanagan Radio Amateur 
Club, will operate a special event station daily during the Vet 
non Winter Carnival, Canada's largesi winter carnival. Listen *or 
VE7NOR. For u special commemorative certificate send QSl and 
2 IRC's or $1.00 to NORAC, Box 1706. Vernon, BC VIT 8C3. 

MICHIGAN: February 7 The 18th annual Livonia Amateui Radio 
Club's Swap ii Shop, Dearborn Civic Center, Dearborn 8 AM 
to 4 PM. ARRI/VEC exams given by the Motor City Radio Club 
Plenty of tables, refreshments and free parking. Talk in on I ARC 
Repeater 144.75/5.35 and 146,52 simplex. For further informa¬ 
tion SASE (0 Neil Coffin, WA8GWL, Livonia ARC, POB 2111, 
Livonia. Ml 48151 

MASSACHUSETTS: February 14 Electronics Flea Market spon¬ 
sored by (he Algonquin ARC. Marlboro Middle School Cufete 
ria, Union Street off Rt 85, Marlboro. 10 AM ro 2 PM Sellers 
8 AM Admission $2.00. Tables $8-advance; $10 door WHEEL 
CHAIR ACCESSIBLE For more information Dan, KB1WW. 
(617) 481-1587 or write AARC, Box 258, Marlboro, MA 01752 

MICHIGAN: February 13. The Cherrylond ARC will hold its 15th 
annual Swap N Shop. Immaculate Conception Middle School 
gymnasium, 218 Vine Street. Traverse City 8 AM to 1 30 PM. 
Admission $3.00. Tables $5.00. Talk in o*' 146 85 repeater For 
info contact Mick Glasser, N8DBK, 4102 Peninsular Shrs Dr, 
Grawn, Ml 49637. (616) 276-9203. 

OHIO: February 14. The Mansfield Mid‘Winter Hamfest Com 
puter Show, Richland County Fairgrounds, Mansfield. Doors 
open to public 7 AM. Tickets $3.00/advance; $4.00/dooi Tables 

(continued to page 103) 
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MICROCOMPUTERS IN AMATEUR RADIO 

by Joe Kasser. G3ZCZ 

Computers can be used in a number ot diflerenl 
ways in your Ham shack They can be used to con 
irol youi rig, predict propagation control antennas 
and hundreds ot other applications Kasser explores 
the possibilities in this book Includes interlace I/O 
devices, system categories programming the micro¬ 
computer and much more Great reading 1981 
307 pages 

T 1305 Was $15 95 SAVE S4 95 Soltbound $4 95 


SPECIAL PURCHASE 
FROM THE PUBLISHER 
ALLOWS US TO 
SLASH THE PRICES 
ON THESE BOOKS 


PROGRAMMING FOR THE TI-59 AND 
HP-41 CALCULATORS 

by Paul Garrison 

To take full advantage ot your hand held calculator s 
power, you need to learn how to program it Clear 
easy to understand instructions make programming a 
snap 1 Over halt the book has practical programming 
applications that will solve some very complex 
problems 1982 . 294 pages 
T-1442 Was S12 95 SAVE S8 Sottbound $4.95 


* ADio 


SOFTWARE FOR 
AMATEUR RADIO 

by Joe Kasser. G3ZCZ 

Packed with practical computer applica¬ 
tions and tested and de bugged programs 
that can be simply adapted to almost any 
microcomputer Includes BASIC program¬ 
ming concepts as well as how to interlace 
your computer to your radio, digital com¬ 
munications and more 1984, 284 
pages 

IT-1560 Sottbound $4.95 

Was $15 95 SAVE $11 00 


BUY ALL 3 SPECIAL $44.85 VALUE at retail 
□ T-SPB $10.95 

SAVE S33.90 WOW What a Deal!!!!!!! 


hanjL- 

ratno 

GREENVILLE. NH 03048 


BOOKSTORE 

603-878-1441 


Please enclose $3 50 shipping and handling 


“INSTANT” 
MORSE CODE 

Beginners: 

Deliciously Easy 

Experts: 

Automatically Fast 

CURLYCODE™ MANUAL 
ONLY $6.50 

Guaranteed 

rflMDS Minds eye Publications 

' Dept. H34, Suite 115-199 

® LI® 1350 Beverly Rd. 

McLean. VA 22101 


UWAD1LLA 


VHF-UHF POWER DIVIDERS 


CONTACT YOUR DEALER 
FOR MORE INFORMATION 

Amateur Radio Baluns- 
Traps-Remote Coaxial Switches 

Or Write To: 

UNADILLA DtV. of ANTENNA'S ETC. 

P O Box 215 BV ANDOVER, MA 01810 
617 475-7831 


Rf power divider* provides tbo 
best way to feed m-phane 2 any 4 
antenna arrays to tnaumize system 
yam and at the same tirno reduce 
innnttou minimum Covering 144 
thiu 1 296 MM/, this »«*r.«ts, rtf VMF/ 
UMF power dividers are premier RF 
devu.es designed for a long service 
life with low SWR and broad op¬ 
erating bandwidth 
intruded aluminum body with a 
durable enamel finish m addition to 
silicon sealing at connector flange* 
resulla m a >ugyed</mJ unit to r all 
array insinuations Available with 
N type connectors only these 
units are unconditionally guaran 
!uud lor 2 years 


MODEL CONFIG PRICE 

144 2P t2 ponsi 15100 

144 4P (4 purl si 558 00 

220 2P (Zporlsl 150 00 

220 4P <4pod*| 157 00 

430-2P \2 portal 148 00 

430 4P (4 ponsi 156 00 

902-2P <2 porlai 148 00 

902 4 P 1 4 ports) 156 00 

1296 2P [2 portsi 149 00 

1296 4P |4 pods) 157 00 

SHIPPtMQ NOT INCLUDE0 

STRIDSBERG ENGINEERING. CO. 

PO Bo« 7973 • Shreveport LA 71107 • USA 
Phono t.116) 865-0523 
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Unless the SWR is really what the 
meter indicates, the reading will get 
better or worse. You can use this 
method to temporarily fool the trans¬ 
mitter into providing power to a mis¬ 
matched transmission line; just vary 
the line length until it loads properly. 
This is called tuning the line, and it 
does not change the SWR, but pre¬ 
sents the transmitter with a load that 
it can handle. It is not a good idea to 
leave it this way, however, as things 
will be frequency sensitive, and the 
loading will change with antenna 
movement and weather. 

Does a high SWR cause TVI? This 
is a trick question. High SWR by itself 
does not cause TVI but, its effects on 
other parts of the environment can. 
For instance if the SWR causes rf to 
appear on telephone wires, electrical 
wiring, metal roof gutters, down¬ 
spouts or tv-antenna lead in wire, you 
run a good chance of hearing from 
your neighbors. Also, the harmonic 
filter at the transmitter output is 
designed to work best at one particu¬ 
lar impedance and when it sees a mis¬ 
match, can let harmonic energy pass 
through. If the final amplifier in the 
transmitter is overly sensitive to mis 
match, it could start oscillating at some 
unpredictable frequency. All in-all, a 
low SWR is more than just a nice 
meter reading — it is good operating 
practice! 

power meter update 

Not more than a week after I 
wrapped up last month's column 
which mentioned rf power meters, I 
found an ad for some available from 
a new supplier. These REVEX meters 
cover the frequency range 1.6 to 1300 
MHz, power ratings of 1 watt to 5 kW, 
and include both average and PEP 
power monitoring. There's also a 
REVEX Wave Monitor Scope MSI ad¬ 
vertised that allows you to check 
what's being transmitted from 1.8 to 
54 MHz and look at audio frequencies. 
Check the Amateur Wholesale Elec¬ 
tronics ad on page 76 of the Novern 
ber 1987 ham radio. 

ham radio 


flea market 


$6.00 advance JUUO (tout Talk to W8Wt on 1 4b 3-1 94 t ot 
luket;. talHes SASt liv Ftrbfuaiy 4 to Dean Wrasse KB8MU 
1094 Bf.it Mo,nf M.imtmW OH 44906 or plume i4T9i 689 2416 
idlef 4 f‘M tST 

NEW YORK f • lMu.ity 14 l IMARC Manifest. Eln tfn i.ms H.ill 
41 Pimtl.iwn HojiI MfMlv limy Island Doors open 9 to 3 
Admission 54 (X) 4»6 UtiUrr, 512 Urmfl yaui own V 60 M Ad 
Vi'irtt it reyiMi.itmn antv Talk mi on 146 86 t-ur inlarmultoo Hunk 
WtttM t WB2AI.W S3 StNarwd St Fast Hill-. NY 11677 16161 
484 432? Or Mark N'.idH NK?T f516> /% 2366 

GEORGIA »• 1 • i.H V ’ 11**' Halim Ain.If. II H.li c\,.l* 

hold lit. annual HuntlrM Notih CiA I airytounds. Dalton 9 AM 
to 3 PM Vf itiams will bo uIIomhI Suyyest reservation* for 
cKorns Cotil.n l HARD POH 143 Mon GA 30/22 0143 

MINNESOTA ‘ihiiMfy Ttw /th annual M»dwirini Madr«-.s 
Hnblty Electronics SIlOvv sponumst Iry the RnWimsdalif ARC 

Medina Btlllrr. Mtvy 66 Harm'l 8 AM l« 2 PM Adinr.sini 

S3 otlvitm.it S4 dor m flea market tattles S8 I 2 table $4 I CC 
I'ljnn. Lit(jr iMiliMir Ite.t market satellite TV and more To toy 
ntOt SASf with fee* in Rntihiiisjtali- ARC POB 72613 Roll 
binsdute MN 66422 •»» rail Bob «6l?i **33 73W 

VIRGINIA f.l.. 'K Vri'iin .1 Wm.’Ii-.- i Sin »-'lv a<II i 

y»i ils .mnu.il Wmh if.-nl ill the Vienna Community Centei Vien 
ibi VA Admission S4 00 Talk in no 146 6Bb m I44> 91 FlX more 
min contact Dave I touch NIKI ? 1911 Dalmaimri Drive 

Mi lean VA 22101 Tel t/ail 366 09% 

INDIANA Feb «aty f H The t .Pnite AHi •. Wmin Ham«. • 
tuPurle C'vu Aiidilotiuin, 60 miles 5E of Ctiu ayn Donation 
S3 00 Tallin*. SJ 00 Advance leservahnns a<«e|ile<| SASfc to 
I PARC POB Kt laPort.. IN 4631)0 

KENTUCKY Man h 1.‘ Hi.- .> i .. • is Swapb i | ,f 
'ioted by Ihe Mammoth Cave ARC Cave City Convention Con 
lit. Cove City StartsHAM Admission. S3 00 Tattles$3 00 eai h 
I or on is am I e«.i:HJefit flea market Tall m nn 146 34 94 anil 
14 / 63 03 For mm* •ntiwniiitem N4HCQ. 13/9 Whites Chapel 
Road. GlaMiov. KY 42141 

NEW YORK Maut. 13 The I'JHH AH HI Hudson Dtvnaor 1 on 
vnUHMt mi cniifOtu tiiM' with the WF. CAFES t 88 Hamfesl W**%t 
clM-.tei ComnioiMiv Colleye Valh.ilLi S|km*mwm1 HARC WFCA 
and WAHY I M the colleye s radio station Ai livities mi lode 
forUttis AMRl workshops. yianl Ilea matket FCC eiUMIts and 
more Admission $4 (JO at the floor I iilk in on 147 (It 146 91 
224 40 MHi- leiNratiMs l«hibitoi Milo Hob ot Sarah Wilson 7 
Smindview Avenue White Plains NY 10606 I914i 99/ 84'ji 
General mfr. R.rh Mnwni NW?l Proyram ClMirm.m • 1*01 1 
680 1686 <m write Cae.it 88 t o NW2L 19 Lmilen Avenue. 
Bloomfield N l O/OOJ 

OPERATING EVENTS 

“Things to do . . 

February 6-8 '988 New Mampslurn 0S0 Parly vjMu.-.nrrd by 
the NH Amateur Radio Association for inloiniutmn < <'nt.n t Pete 
Cantara. KI1M 19 Haverhill St Hudson NH 03061 

HAM EXAMS I he MIT IJHF Repealer Asvim.iimui.mhI the MM 
R.mImi SiM.iely oiler iiMTnfhly Ham t i.ims All i lasv. Novire to 
t Kira W.stiM -.<lay I eliouMy 1/. 7 PM MIT Room 1 160 7/Mass 
Av»r C.rmlmdti" MA Reservation*. icy nested 7 day mii Otlvat v e 
Com.♦. i Rihi Hiillmano at (til/• bM> 1641 t»ani fee $4 ?6 Bnoy 
a i opy nt your < iinent license fit atiyt fwf. Inf ms ol (iictiili* ID 
and a completed form 610 Jvailahle finrn the I CC m Omni y 
MA Ibi/I 7/0 4023 


CHARGE 

YOUR CLASSIFIED ADS 

to your 
MC or VISA 
write or call 

HAM RADIO MAGAZINE 

Greenville, NH 03048 
(603) 878-1441 


r -\ 


THE 1988 

ARRL 

HANDBOOK 



NEW 

EDITION 

The 1988 ARRL Handbook For 
The Radio Amateur carries on the 
tradition of the previous editions 
by presenting 1200 pages of com¬ 
prehensive information for the 
radio amateur, engineer, tech¬ 
nician and student. Clothbound 
only $21 in the U S . $23 in Canada 
and elsewhere. 


THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN STREET 
NEWINGTON. CT 06111 


^ 110 


This publication is 
available in microform 
from University 



Please send mfurmab in about ihese Idle* 


N’umi 

• Sampan tl lotfiiutuxi 

Address 

City . - -- 

Shitti Zip 

pton* I 

I ill hill Iree 800 521 1044 In Mk'higan. 

Mnrii.i uni Mtiwnii i all • »lli*»4 t| |.76l 471X1 Of 
man ini|uirv lu Uiuvitnuly MirrufUtmi Inlernjdiunul. 
100 N'urlli ZintIi H»hiiI Ann Arlmr Ml 48106 
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M A G A Z I IM 


' P.O. Box 1TH-H 
PLACENTIA, CA 92670 



I.*** 




IF YOU ARE INTO ELECTRONICS AND SAVING MONEY IS IM¬ 
PORTANT TO YOU, THEN YOU OWE IT TO YOURSELF TO TRY 
NUTS & VOLTS MAGAZINE. DISCOVER WHY THOUSANDS OF 
SMART PEOPLE NATIONWIDE TURN TO NUTS & VOLTS EACH 
MONTH TO MEET THEIR ELECTRONIC NEEDS. WHETHER 
YOU’RE BUYING, SELLING, OR JUST 
TRYING TO LOCATE THOSE UNIQUE 
OR HARD-TO-FIND ITEMS, FIND OUT 
HOW NUTS & VOLTS CAN HELP! 


rrr subscribe 

TODAY! 

4 1 

CHECK 

Name 

MONEY ORDER VISA 

MC 

Address 

CiLv 

State 


Zip 


Card No 


Exp Date 



CALL FOR ADVERTISING INFORMATION 
DISTRIBUTOR INQUIRIES INVITED 


Subscription Rates 

U S FUNDS REQUIRED 


3rd Class Mail - USA 

One Year SI 0.00 

Two Years SI 8.00 

Lifetime $50.00 

1st Class Mail 

One Year-USA $18.00 

Canada & Mexico $20.00 

Air Mail 

Foreign - 1 Year $5 0.00 

Includes one FREE 40 ward 
Classified Ad 1fl0 


A National Publication For The Buying And Selling Of Electronic Equipment 


A RACE ON THE EDGE OF TIME 

Radar — The Decisive Weapon of WW II 
by David E. Fisher 


A Race On The Edge Of 
Time reads like a thriller but 
is based upon painstaking 
and comprehensive research 
by the author. In fact. Fisher 
argues rather convincingly 
that radar was the crucial 
factor that allowed the allies 
to win the war and that 
radar has played the same Radar 
important role in our current Th«oSsiveMfoapwof Vft»td W» tl 
military and political environ¬ 
ment Filled with fascinating 
twists and turns of history 
that could have changed the war’s outcome, 
anecdotes about the personalities involved in the 
development ol radar and other military insights 
Also includes radar development post WW II and 
how it will influence future battles. Illustrated with 
rare vintage photographs and diagrams, 
i 1MH-21088 Hardbound S19.95 

Please enclose $3 50 shipping and handling 

PaHUO-- BOOKSTORE 

GREENVILLE. NH 03048 2E 3® 603 - 878-1441 



W6SAI BOOKS 

published by Bill Orr. W6SAI and Stu Cowan. W2LX 
BEAM ANTENNA HANDBOOK 

Completely revised and updalcd with Ihe latest computer generated mfuima 
Iron on BEAM Antenna design Covers HE and VHF Yagis and 10 )8 and 24 
MH; WARC bands Everything you need to know 204 illustrations 268 
pages 1985 Revised 1st edition 

HP BA Sottbound $9.95 


SIMPLE LOW COST WIRE ANTENNAS 

Piimei on how-to build simple low cost wire anlennas Includes invisible 
designs lor apartment dwellers Full ol diagrams and schemalics 192 
pages 1972 2nd edition 

RP WA Sottbound $9.95 


ALL ABOUT CUBICAL QUAD ANTENNAS 

Simple to build lightweight, and high pertounance make the Ouad at [IX eis 
delight [vetylhing bom the smqle element to a multi element monster A 
wealth ol inlotmalion on construction feeding tuning and installing the 
guad antenna 112 pages 1982 3rd edition 

RP-CQ Sottbound $7.95 


THE RADIO AMATEUR ANTENNA HANDBOOK 

A wealth ol protects that covets verticals, long wires, beams as well as 
plenty ol other interesting designs It includes an honest nidgement ol gam 
liguies how to site youi antenna lot the best performance a look at the 
Yagi Quad controversy baluns. slopeis and delta loops Practical antenna 
protects that work 1 190 pages 1978 1st edition 
RP-AH Sottbound $9.95 


Please enclose S3 50 lor shipping and handling 


ham.- 

radio. 

GREENVILLE. NH 03048 


handling 

BOOKSTORE 


(603) 878 1441 














Generate 
l Your Own 
Electricity 


H undtedsor | . 

saiistied owners ^ 

are now using the WINDSTREAM* WIND 
GENERATOR to provide power 1m RVs weekend 
cottages coats workshops remote locations erne' 
gency back up powet and much more 
Portable weighs only 20 lbs easily installed win out 
comprehensive installation manual minimum matnlen 
ance lull warranty 

Thertnax Corporation H 

P 0. Box 3128. Burlington. VT 05401 3128 


KENNEDY ASSOCIATES 

Stocking all maior lines San Antonio's 
Ham Store Great Prices-Greal Service 
Factory authorized sales and service 
Hours: M F 10-6; SAT 9-3 


KENWOOD 

ms§y ^ 

Era iicom 

Amateur Radio Division 
5707A Mobud 
San Antonio, TX 78238 

Telephone: 512-680-6110 


Vlullihund QRY 160-10 Emergency Pac 


SUBSCRIBE 

TOLL-FREE 

- T 

- ~~' *&; 


ham m _ 

radio 


maqazme 


1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 

Prices U.S. only 


n MASTERCARD 
□ VISA □ BILL ME 

Please have your charge card ready 


DATATEL 


800 - 341-1522 

Weekdays 8 AM - 9 PM EST • Saturdays 9 AM - 5 PM EST 
IN MAINE CALL COLLECT (207) 236-2896 


OUR 800 NUMBER IS FOR SUBSCRIPTION ORDERS ONL Y! 

For Errors or Change of Address CALL ham radio 
direct at (603) 878-1441 8-5 EST 
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products, select the appropriate reader service number make a check mark in the space provided Mail this lorrn to 
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67 

129 Buckmasier Publishing 

80 

132 The PX Shack 

79 


70 


80 


85 


19 

* Caddell Coil Corp 

43 

176 Radiosporlmg 

32 

117- Coaxial Dynamics, Inc 

93 

136 Ramsey Electronics Inc 

75 

149 Communications Specialists 

63 

123 The RF Connection 

87 


1 

RF Parts 

87 

145 Consolidated Electronics 

67 

169 S-Com Industries 

40 

156 CTM 

51 

Spec-Corn 

67 


46 


21 

159 Detection Dynamics 

47 

112 Slndsburg Engineering Co 

102 


40 

* STTI 

30 

146 DigiMax Instruments Corp 

64 

180 STV/OnSal 

24 

1 70 Down East Microwave 

40 

135 • Synthetic Textiles. Inc 

76 


25 


40 

157 EEB 

48 

107 Thermax Corporation 

105 

150 EGE Inc 

62 

140 • Transverters Unlimited 

70 

* Engineering Consulting 

72 

113 UnadillarAntonnas Etc 

102 

Fox Tango Corp 

■i , 

* University Microlilm Ini 

103 


15 

141 Vanguard Labs 

70 


36 


14 

148 GTI 

64 

161 VHF Communications 

47 

165 HAL Communications Corp 

45 

120 W9INN Antennas 

89 

147 Hall Electronics 

64 

164 Wacom Products. Inc 

43 

154 Ham Radio Outlet 

54.55 

137 Western Elex ironies 

72 

Ham Radio s Bookstore 21. 

79. 102. 104 

1 58 World Data E nterpnses 

47 

* The Ham Station 

76 

186 Yaesu USA 

16 

Hamlromcs. NY 

69 

102 Yaesu USA 

cm 

Hamtromcs. PA 

64 

121 EH YoslCo 

89 

178 Heath Company 

26 



155 Hustler, Inc 

53 



191 ICOM Amonca Inc 

CM 

PRODUCT REVIEW/NEW PRODUCTS 


166 ICOM America Inc 

39 

304 Ameco Equipment Company 

93 

151 ICOM America Inc 

61 

_.311 DGM Electronics Inc 

95 

173 IIX Equipment Lid 

iu 

305 The Eraser Company Inc 

94 

ill- Jun’s Electronics 

99 

310 • Efron RF Enterprises 

94 

108 Kennedy Associates 

105 

Ham Radio a Bookstore 

94 

Kenwood USA Corp 

2 5, 7. CIV 

301 Hustler Inc 

92 

160 Larsen Electronics 

47 

303 • Kantromcs 

93 

12? Madison Electronics Supply 

87 

Kenwood USA Corp 

9? 

177 Magnaphaso Indus)lies Inc 

27 

309 Master Publishing 

94 

142 The Mcadowiake Corp 

70 

302 MFJ Enterprises 

92 

144 John J Meshna Jr. Inc 

67 

307 Morlan Software 

94 

189 MFJ Enterprises 

8 

308 Mouser Electronics 

94 

1 16 Micro Control Specialties 

95 

306 Pac Comm Packet Radio Systems. Inc 

94 

124 Micro Systems Institute 

87 

312 Vector Radio Company 

95 


2x4Z BASE 
REPEATER 
ANTENNA 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HIGH POWER 200 WATTS 

CENTER FREQUENCY 

146.500 MHz 

446.500 MHz 

GAIN: 

VHF • 8.2dB 
UHF - 11.5dB 
VSWR - 1.-1.2 or less 

CONNECTOR: 

N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 

WEIGHT: 5 LBS. 3 OZ. 

WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 

MAST 

CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE 
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AMATEUR SPECIAL 

1275 NORTH (IRON I ST. 
ANAHEIM. t'Al.O. 92K0(i 
(714)630-4541 

< ABIT: NAI C OI.GI /. 

I V\ (7141 630-7024 
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MISSOURI 

RADIO CENTER 1-800-821-7323 
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KENWOOD 
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KENWOOD 

TU 04 C A 


TM-3530A 

220 MHZ MOBILE FM 
TRANSCEIVER 

• 220-225 MHz with 25 Walls 

• 7-DIqH Telephone No Memory 

• Direct Frequency Entry 

• 23-Channel Memory 


TH-215A 

FULL FEATUREO 2rr\ HT" 


• 141-163 MH; Receive 

• 144-148 MH; Transmit 

• 2 6w Output (Sw 
Optional) 

• lOMamonaa 

• Built-In CTCSS 
Encoder 

• Nino Types of Scanning 




ARE YOU CONFUSED ABOUT YOUR 
NEW PRIVILEGES? CALL US FOR 
THE UP-TO-THE-MINUTE INFORMA¬ 
TION AND ASSISTANCE WITH YOUR 
GEAR. 
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PK 232 

• Make any RS-232 compatible computer 
or terminal a complete digital operating 
position. 

• Morse, Baudot, ASCII, AMTOR, Packet 

• Loaded with features. 


AABTRON 

WMmm CORPORATION 

w 


Power Supply 


• RS7A 

$48 

• RS12A 

$68 

• RS2QA 

S88 

• RS20M 

$105 

• VS20M 

$125 

• RS35A 

$133 

• RS35M 

$149 

• VS35M 

$165 

• RS5GA 

$189 

• RS50M 

$215 

• RM50A 

$219 

• VS50M 

$229 




MOST ORDERS SHIPPED SAME DAY 



KENPRO KENWOOD KLM LARSEN MFJ MIRAGE NYE VIKING QUATRON SANTEC VANGORDON WELZ YAESU 






































































































































OPTOelectronics inc 



FREQUENCY 

COUNTERS 


8 LED DIGITS • 2 GATE TIMES 
ANODIZED ALUMINUM CABINET 
INTERNAL NI-CAD BATTERIES INCLUDED 
AC ADAPTER/CHARGER INCLUDED 


EXCELLENT SENSITIVITY 
& ACCURACY 


AC-DC • PORTABLE 
k. OPERATION 


I IP** 1 '-*'- ■ ■■■ & n AC ADAPTER 

| 2 J |-7 ‘ '* CHARGER 

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz. 8 digit frequency counters are not toys! 
They can actually out perform units many times their size and pricel Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters. Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators Can be built into transmit¬ 
ters, signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, I 
schools, Hahis, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. L 


STOCK NO 


Model I200H In kit form. 1-1200 MHz counter complete including 
all parts, cabinet. Ni-Cad batteries. AC adapter-battery charger and 

instructions.* 

Model I200H factory assembled 1-1200 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 

charger . *1 

Model I300H factory assembled 1-1300 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 

charger .*1 


Telescoping RF pick-up antenna with BNC connector 

Probe, direct connection 50 ohm, BNC connector 

Carrying case, black vinyl with zipper opening Will hold a counter and 

accessories . 


ORDER FACTORY DIRECT 


FLA (305) 771-2050 


AVAILABLE NOW! 


OPTOelectronics inc 

5821 N.E. 14th Avenue 
Ft. Lauderdale, Florida 33334 


Orders to US and Canada add 5% of total |S2 min., SI0 max| 
Florida residents add 5% sales tax COD fee $2 









Introducing the only mobiles that 
double as answering machines. 


Now you ran stay in touch-even 
when you’re away from your radio. 

With Yaesu’s 2-meter FT212RII 
andTO-cnt FT-712RH, an optional, 
internal digital voice recorder 
serves as a convenient answering 
machine for you and your friends. 
And that’s just the beginning! 

High performance mobiles. 
The FT-212RH features wideband 
receive coverage of 188 17-1 MHz 
(14-1 148 MHz T\), while the 
FT-712RH covers 480 450 MHz. 

An oversize amber display includes 
an innovative photo sensor which 
increases the display brightness 
during the day.The function buttons 
are arranged in a chromatic musi 
cal scale—ideal for visually impared 
operators. You get 45 watts output 
on 2 meters, 85 watts on 70 cm. 


An autodialer DTMF microphone 
with 10 memories.each ready to 
store telephone numbers up to 22 
digits long. 

And. like our FT-211RH Series 
mobiles, you’ll enjoy surprisingly 
simple controls, yet highly sophisti 
cated microprocessor based flex 
ibilily. Including 18 memories that 
store frequency, offset, PL tone, 
and PL mode U T< ’SS unit <>pt ii mal). 
Hand or memory scanning. Offset 
tuning from any memory channel. 
Memory channel lockout for scan 
ning. High low power switch. 

All in an amazingly small 
package, shown actual size below. 

Digital voice recorder option. 

(July Yaesu brings you the advanced 
technology found in our digital 
voice recorder option. 


You can store messages or your 
call sign in your own voice, not 
a synthesized replica—or give your 
friends a private code for leaving 
messages on your radio. All they 
need is a DTMF microphone! Then 
you can play back your messages 
either in-person, or remotely by 
using another radio with a DTMF 
microphone. And you’ve always 
got security because you can com 
maud your radio to respond only 
to in person playback requests. 

Visit your Yaesu dealer today. 
And test drive Y'aesus FT-212RH 
and FT712RH mobiles. The only 
radios with the power to keep you 
in touch. Always. 




HH'i.EuG 


FM TRANSCEIVER 


F/WRITE 


LOW POWER 


O/MP CALL MH? 


FM TRANSCEIVER 


F/WRITE 


FT-712RH 


nr 1 

__ TONF 


J 

sc 

iM i writ 

/ 



Yaesu USA 17210 Edwards Ruud. Ccrrilus.CAWOl < 21:* 1 404 2700. Repair Service: 1 2l:J) 41) I ISS-I Parts: (21SH04 4H47 
Yaesu Cincinnati Service Center 11070 Gnlil Park Drive, Ham i I Ion, OH 45011 (510) 874 0100. 


Prices and specifications subject Ui«li.mgr without indite PI. t% a r» , iiisi»*r* , d trademark <»f Motorola. Jin 
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KENWOOD 

. . .pacesetter in Amateur Radio 





ACTUAL SIZE FRONT PANEL 


TM-721A 

Deluxe FM dual bander 

The Kenwood TM-721A re-defines 
the original Kenwood “Dual Bander” 
concept. The wide range of innova¬ 
tive features includes a dual channel 
watch function, selectable full duplex 
operation, 30 memory channels, 
extended frequency coverage, large 
multi-color dual digital LCD displays, 
programmable scanning, and more 
with 45 watts of output on VHF and 
35 watts on UHF. TM-721A-Truly the 
finest full-featured FM Dual Band 
mobile transceiver! 

• Extended receiver range (138.000 
173.995 MHz) on 2 meters. 70 cm cover 
age is 438 000-449.995 MHz (Specifi¬ 
cations guaranteed on Amateur bands 
only, two meter transmit lange is 144 148 
MHz Modifiable for MARS/CAP Permits 
required ) 

• 30 multi function memory channels 
14 memory channels and one call 
channel for each band store frequency, 
lepeater offset, CTCSS. and reverse 
Channels "A" and "b" establish upper 
and lower limits for programmable band 
scan Channels “C"and "d” store transmit 
and receive frequencies independently 
lor "odd spills" 


• Separate frequency display for 
"main" and sub-band" 

• 45 Watts on 2 meters. 35 watts on 
70 cm Approx. 5 watts low power 

• Call channel function Aspecial 
memory channel for each band stores 
frequency, offset, and sub tone of your 
favorite channel. Simply press the CALL 
key, and your favorite channel is selected! 

• Automatic Band Change (A B C ) 
Automatically changes between main 
and sub band when a signal is present 

• Dual watch function allows VHF and 
UHF receive simultaneously 

• CTCSS encode/decode selectable 
from front panel or UP/DWN keys on 
microphone (Encode built in, optional 
TSU-6 needed lor decode.) 

• Balance ontr and ^ 
separate squelch 
controls for each 
band 


• Dual antenna ports. 

• Full duplex operation. 

• Programmable memory and band 
scanning, with memory channel 
lock out and priority watch function 

• Each function key has a unique tone 
for positive feedback 

• Illuminated front panel controls 
and keys 

• Dimmer control 

• 16 key DTMF mic. included 

• Handset/remote cohtrol option 
(RC 10). 

• Frequency (dial) lock. 

•SupplieJ icce-som. 16-keyDTMF 

hand mic., mounting bracket. DC cable. 

• ’Ui.lrtr ..‘fv i-»»i .it itr t"' ifi K* /t»\, . / 

f/.iriv «■ vrt . .itht c. ' f! t <* . './•»•< hi ,itn>rr, fr.ilntf. 

IfUj/i’n' I'r .It'fi-Ht !< ■ ' I'Hl* .V'f" '(if fl. if » i If i <fi*''iMfu 1 


Double Vision 


Optional Accessories 

RC-10 Multi tillii 1-in ti.iiKlsetrtemntL 

PS-430 I wer supply • TSU-6 
crcs 1 ie SW-100B impai I 
SWR i SW-200B eluxe 

SWT-1 2n ■ tenna 

ti, ' SWT-2 1 it inlcnn.i tunei SP-40 


SP-50B 1 teluxe 
m iliilu sperikt?! PG-2N DC i utile • PG-3B 
DC fine noise filter MC-60A, MC-80. 
MC-85 B. i ■ .tutu in mics MA-4000 Dii.il 
band mobile anlenr a (mount not supplied) 
MB-11 MuIjiIi. 1 tjr.il k"t MC-43S UP/DWN 
ti.indu". MC-48B 1b kuy DTMf hand mic 


KENWOOD 

KENWOOD U.S.A. CORPORATION 

2201E Dominguez SI. Long Beach. CA 90810 
PO Box 22745. Long Beach, CA 90801 5745 










